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Preface 


Male infertility has for a very long time been underrecognized 
scientifically and clinically; however, this landscape is 
changing and there is rising awareness of male infertility as a 
medical condition and public health concern. A comprehensive 
evaluation of male infertility by a trained clinician has the 
potential to reveal potentially underlying life-threatening 
medical conditions. 

No other field of medicine has undergone advanced devel- 
opments like reproductive medicine, and no other area of 
reproductive medicine has been revolutionized more than male 
fertility. For the physicians and scientists who practiced in 
the 1980s, in vitro fertilization changed every aspect of their 
clinical management. The 1990s started with the development 
of intracytoplasmic sperm injection which is one of the most 
effective treatment of this millennia. Today men with severe 
male factor infertility have more than a 50 percent chance of 
fathering their own children, and men with azoospermia also 
have 50 percent chance. Their dreams are being realized, and 
today well over 8 million children have been born to infertile 
couples who lived to see these moments in life. 

Our book will be of immense use for the general clinicians, 
fertility specialists, and reproductive professionals around the 
world interested in learning about the latest controversies and 


advances in male infertility. The book contains 19 chapters writ- 
ten by 35 contributors from 11 different countries. 

The publication of our book is well-timed as there is an urgent 
need for increased focus on the education of medical profes- 
sionals and other professionals engaged in the daily care of the 
infertile male. Our book should be of immense use for general 
clinicians, fertility specialists, and reproductive professionals 
worldwide who are interested in learning about the latest con- 
troversies and advances in male infertility. The readers will find 
that these articles, authored by a team of internationally recog- 
nized experts, are filled with up-to-date information presented in 
an evidence-based medical format. 

The book contains chapters that range from pathophysiology of 
male infertility to the evaluation and diagnosis to sexually trans- 
mitted infection, varicocele, erectile dysfunction, medical and 
surgical treatment, lifestyle and assisted reproductive techniques. 

The three editors of this book have shared together over two 
decades of amazing professional developments in their knowl- 
edge, research, education, and dream. We endeavored to make 
this book a useful and impactful addition to the medical literature. 
Every chapter reflects the depth of the experience of its authors. 
We put in your hands a book that we sincerely hope you will enjoy 
reading as much as we have enjoyed writing and editing. 


xiii 


Taylor & Francis 
Taylor & Francis Group 


http://taylorandfrancis.com 


Acknowledgments 


The editors and publisher would like to thank the following 
for their great assistance in reviewing and assessing chapters 
in this text: 


Ralf Henkel, PhD, Habil., Head of Department, Department 
of Medical Bioscience, University of the Western Cape, South 
Africa, and American Center for Reproductive Medicine, 
Department of Urology, Cleveland Clinic, Cleveland, Ohio, 
USA 


Marlon Martinez, MD, University of Santo Tomas Hospital, 
España, Manila, Philippines 


Neel Parekh, MD, Urology, Cleveland Clinic Urology, Akron, 
Ohio, USA 


Sarah C Vij, MD, Assistant Professor of Surgery, Center 


for Male Fertility, Department of Urology, Cleveland Clinic 
Foundation, Cleveland, Ohio, USA 


XV 


Taylor & Francis 
Taylor & Francis Group 


http://taylorandfrancis.com 


Editors 


Dr. Botros Rizk, MD, MA, FACOG, FACS, FRCOG, FRCS, 
HCLD, is an internationally renowned reproductive endocrinol- 
ogist, who was mentored by Nobel Laureate Professor Robert 
Edwards, the father of in vitro fertilization. Dr. Rizk started 
his career in reproductive medicine at Bourn Hall Cambridge, 
the birthplace of most current clinical and scientific protocols 
in reproductive medicine. Dr. Rizk served at the University of 
Cambridge from 1990 to 1993. 

He is Medical Director of California Elite Fertility, Pasadena, 
California, USA, and Shanghai, China, and for more than 
twenty years has been Professor and Head of the Division of 
Reproductive Medicine and Infertility at University of South 
Alabama, Mobile, Alabama, in the USA. He is currently the 
President of the Middle East Fertility Society. 

He is professor and head of the Division of Reproductive 
Medicine and Infertility at University of South Alabama, where 
he has served for more than 20 years. He is currently the presi- 
dent of Middle East Fertility Society. 

He is board certified in obstetrics and gynecology by the 
American Board of Obstetrics and Gynecology, the Royal College 
of Physicians and Surgeons of Canada, and the Royal College of 
Obstetricians and Gynaecologists in England. He is also board 
certified in embryology and andrology by the American Board 
of Bioanalysis. 

Dr. Rizk’s clinical and research interests have focused on ovar- 
ian stimulation including the development of the long agonist 
protocol. Dr. Rizk has authored and edited more that 20 medi- 
cal text books and many book chapters in the field of infertility 
evaluation and management. 


Ashok Agarwal, PhD, is the director of the Andrology Center 
and the Director of Research at the American Center for 
Reproductive Medicine. He holds these positions at Cleveland 
Clinic, where he is a full staff in urology and professor at 
the Lerner College of Medicine of Case Western Reserve 
University. Dr. Ashok has published over 725 scientific papers 
and review articles in peer-reviewed scientific journals, 
authored over 225 book chapters, and presented over 800 
papers at both national and international scientific meetings. 
Dr. Ashok is an editor of over 38 medical text books/manuals 
related to male infertility, assisted reproductive technique 
(ART), fertility preservation, DNA damage, and antioxidants. 
He is active in basic and clinical research, and his current 
research interests are in identifying biological markers of oxi- 
dative stress, DNA damage, and apoptosis using proteomic 


research tools and bioinformatics analysis as well as preserv- 
ing fertility in patients with cancer. 


Edmund S. Sabanegh, Jr., MD, is President, Cleveland Clinic 
Main Campus, and President, Regional Hospitals and Family 
Health Centers for the Cleveland Clinic. He previously served 
as the Vice Chief of Staff of the Cleveland Clinic and Chairman 
of the Department of Urology, which, under his leadership, was 
ranked as the #1 Urology program in the nation according to 
US News & World Report. 

Dr. Sabanegh graduated summa cum laude from Princeton 
University and subsequently received his medical degree from 
the University of Virginia College of Medicine. He completed 
his urology residency at Wilford Hall Air Force Medical Center 
in San Antonio, Texas, and a microsurgery fellowship at the 
Cleveland Clinic. 

Prior to joining the Cleveland Clinic in 2006, Dr. Sabanegh 
served in the United States Air Force. During that time, he was 
Chief of Staff and, subsequently, Chief Operating Officer at the 
largest Air Force hospital in the world. 

He is the immediate prior Program Director for the Male 
Infertility Fellowship at the Cleveland Clinic, leading one of the 
few male infertility fellowship programs in the United States, 
which combines basic research with extensive clinical experience. 
During his career, he has trained over 70 residents and fellows 
in the field of andrology and microsurgery. His surgical interests 
include microsurgical reconstruction of the male reproductive 
tract, medical therapies for infertility and advanced sperm harvest 
techniques. His research interests include complex reconstructions 
for obstruction of the reproductive tract, novel intratesticular 
drug delivery systems, fertility preservation in cancer patients, 
varicoceles, and environmental influences on fertility. 

Dr. Sabanegh has published more than 200 scientific articles 
and chapters in peer-reviewed journals and textbooks and has 
been the editor for four books. He is Professor of Urology at the 
Lerner College of Medicine of Case Western Reserve University. 

Dr. Sabanegh is board certified by the American Board of 
Urology. He is a past chief consultant for the Surgeon General of 
the U.S. Air Force. He holds active membership in the American 
Society for Reproductive Medicine, the American Urologic 
Association and the Society for the Study of Male Reproduction 
and Urology. He was previously the Assistant Editor for Urology 
and serves as a reviewer for the Journal of Andrology, Urology, 
British Journal of Urology, European Urology, Cancer, and 
Fertility and Sterility. 


xvii 


Taylor & Francis 
Taylor & Francis Group 


http://taylorandfrancis.com 


Contributors 


Ashok Agarwal 
American Center for Reproductive Medicine 
Cleveland Clinic 
Cleveland, Ohio 


Muhannad M. Alsyouf 
Loma Linda University School of Medicine 
Loma Linda, California 


Tarek M. A. Aly 

Department of Medical Physiology 
Cairo University 

Giza, Egypt 


Medhat Amer 

Departments of Andrology, Infertility, and Microsurgery 
Adam International Hospital 

Giza, Egypt 


Mohamed Arafa 

Department of Urology 

Hamad Medical Corporation (HMC) 
and 

Weill Cornell Medicine-Qatar 
Doha, Qatar 

and 

Department of Andrology 

Cairo University 

Giza, Egypt 

and 

American Center for Reproductive Medicine 
Cleveland Clinic 

Cleveland, Ohio 


Saradha Baskaran 

American Center for Reproductive Medicine 
Cleveland Clinic 

Cleveland, Ohio 


Meaghanne K. Caraballo 

American Center for Reproductive Medicine 
Cleveland Clinic 

Cleveland, Ohio 


Chak-Lam Cho 
Department of Surgery 
and 

Department of Urology 
Union Hospital 

Tai Wan, Hong Kong 


Sulagna Dutta 

Department of Oral Biology and Biomedical Sciences 
Faculty of Dentistry 

MAHSA University 

Jenjarom, Malaysia 


Hatem El-Azizi 

Department of Radiodiagnosis 
Faculty of Medicine 

Cairo University 

and 

Ultrasound Unit 

Radiology Department 

Cairo University Hospitals 
Giza, Egypt 


Haitham Elbardisi 

Department of Urology 

Hamad Medical Corporation (HMC) 
and 

Weill Cornell Medicine—Qatar 
Doha, Qatar 


Marco Falcone 

Department of Urology 

Città della Salute e della Scienza 
University of Turin 

Turin, Italy 


Emad Fakhry 

Department of Andrology 
Adam International Hospital 
Giza, Egypt 


Giulio Garaffa 

London Urology 

Hospital of St John & St Elizabeth 
London, United Kingdom 


xix 


XX 


Alyssa M. Giroski 

American Center for Reproductive Medicine 
Cleveland Clinic 

Cleveland, Ohio 


Vinaya Gogineni 

American Center for Reproductive Medicine 
The University of Toledo College of Medicine 
Toledo, Ohio 


Taha Abo-Almagd Abdel-Meguid Hamoda 
Department of Urology 

Faculty of Medicine 

King Abdulaziz University 

Jeddah, Saudi Arabia 

and 

Department of Urology 

Minia University 

El-Minia, Egypt 


Ralf Henkel 

Department of Medical Biosciences 
University of the Western Cape 

Cape Town, South Africa 

and 

American Center for Reproductive Medicine 
Department of Urology 

Cleveland Clinic 

Cleveland, Ohio 


Mark Johnson 

Department of Urology 

University College London Hospital 
London, United Kingdom 


Kareim Khalafalla 
Department of Urology 
Hamad Medical Corporation 
Doha, Qatar 


David Kim 

Department of Urology 

Loma Linda University School of Medicine 
Loma Linda, California 


Edmund Ko 

Department of Urology 

Loma Linda University School of Medicine 
Loma Linda, California 


Kevin C. Lewis 

Glickman Urologic and Kidney Institute 
Cleveland Clinic Foundation 

Cleveland, Ohio 


Contributors 


Kristian Leisegang 

School of Natural Medicine 
University of the Western Cape 
Cape Town, South Africa 


Scott Lundy 

Glickman Urologic and Kidney Institute 
Lerner College of Medicine 

Cleveland Clinic Foundation 

Cleveland, Ohio 


Marlon P. Martinez 

Section of Urology 

Department of Surgery 

University of Santo Tomas Hospital 
Manila, The Philippines 


Ahmad Majzoub 
Department of Urology 
Hamad Medical Corporation 
Doha, Qatar 


Willem Ombelet 

Genk Institute for Fertility Technology 
Department of Obstetrics and Gynaecology 
Genk, Belgium 

and 

Hasselt University 

Department of Physiology 

Hasselt, Belgium 


Amr Abdel Raheem 

European Academy of Andrology (FEA A) 
European Committee of Sexual Medicine (FECSM) 
Department of Andrology 

Cairo University 

and 

University College London 

London, United Kingdom 


Mohamed Wael Ragab 
Department of Andrology 
Cairo University 

Giza, Egypt 


Cayde Ritchie 

Department of Urology 

Loma Linda University School of Medicine 
Loma Linda, California 


Contributors 


Botros Rizk 

Reproductive Endocrinology and Infertility 

In Vitro Fertilization and Assisted Reproduction 
University of South Alabama 

Mobile, Alabama 


Pallav Sengupta 
Department of Physiology 
Faculty of Medicine 
MAHSA University 
Jenjarum, Malaysia 


Rakesh Sharma 
American Center for Reproductive Medicine 
Cleveland Clinic 
Cleveland, Ohio 


Sarah Vij 

Glickman Urologic and Kidney Institute 
Cleveland Clinic Foundation 

Cleveland, Ohio 


xxi 


Taylor & Francis 
Taylor & Francis Group 


http://taylorandfrancis.com 


1 


The Pathophysiology of Male Infertility 


Pallav Sengupta and Chak-Lam Cho 


KEY POINTS 


e Pathophysiology of male infertility involves complex multivariate mechanisms. 
* Dysregulations of hormonal axes and endocrine cross-talks adversely affect male reproductive functions. 
* Testicular disruptions directly impair semen parameters. 


* Posttesticular impairments afflict spermatozoal maturation and transport. 


Introduction 


The male reproductive system apparently possesses simplistic 
functions so as to produce sperm and testosterone, but the under- 
lying mechanisms are far more complex and yet to be completely 
revealed. Such elusive mechanisms of male reproductive func- 
tions have led to poor understanding of the actual causatives of 
male infertility in about 50% of the cases [1]. Disruption of male 
fertility may be reflected by impaired sperm parameters through 
multivariate factors at different levels [2-4]. Etiologies of male 
infertility may act at the pretesticular or neuroendocrine regula- 
tory levels. Other factors may directly affect intratesticular sites, 
thereby afflicting the functions of Sertoli cells, Leydig cells, and 
germ cells. Disruptions can also occur at the posttesticular strata, 
impairing sperm maturation and transport. Besides the conven- 
tional concept of pathophysiology of male infertility, there is 
advent in male reproductive immunology as well as reproductive 
genetics and epigenetics, modulations of which may induce vary- 
ing forms of impairment to the male fecundity. Proper evaluation 
of male infertility at different levels is essential for its effective 
management. Targeted treatment to specific male factor with or 
without assisted reproductive techniques (ART) may be adopted 
for management of male infertility [5]. 

This chapter is a concise synopsis of the pathophysiology of 
male infertility merging the classical and modern postulations. 
It summarizes the concepts of male reproductive functions and 
their regulatory factors. Finally the mechanisms by which impair- 
ment of the reproductive functions or their regulators, individu- 
ally or in concerts, leading to male infertility are illustrated. 


— 
Male Reproductive Physiology: An Overview 
Pristine perception of both morphology and physiology of male 


reproductive system facilitates conceptualization of the complex 
pathophysiological mechanisms of male infertility. The male 


reproductive system has three fundamental functions: Production 
of spermatozoa (spermatogenesis) and hormones (steroidogen- 
esis), as well as storage followed by ejaculation of the sperm into 
the female reproductive tract [6]. However, accomplishment of 
these functions require orchestrated action of the testicular cells 
including the germ cells, Sertoli cells, and Leydig cells in response 
to the endocrine regulation. The male reproductive system along 
with its regulatory entity comprises of brain centers, which regu- 
late pituitary release of gonadotropins and sexual behavior; a pair 
of testes, which produce sperm and hormones; a ductal system 
(vas deferens and epididymis), which stores and transports sperm; 
accessory sex glands (seminal vesicles, prostate, and bulboure- 
thral glands) to support sperm viability; and the penis [7]. 

Spermatogenesis and steroidogenesis are under endocrine 
regulation via the pituitary gonadotropins, luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH) [8]. The hypo- 
thalamus is known to be the center of information processing 
as per external and internal cues. Via the pulsatile release of 
gonadotropin-releasing hormone (GnRH), it stimulates the secre- 
tion by anterior pituitary, LH and FSH, which binds to receptors 
on the Leydig cells, and Sertoli cells, respectively. Leydig cells 
reside within the interstitial compartments and produce testoster- 
one. Sertoli cells lie along the lining of the seminiferous tubules, 
supporting the germ cells to develop through the stages of sper- 
matogenesis. Sertoli cells have receptors for both FSH and testos- 
terone and produce estradiol at low levels. Another contribution 
of the Sertoli cells is the productions of glycoprotein hormones 
(inhibin, activin, and follistatin) that modulate FSH secretion [9]. 
Testosterone is the main androgen that sends feedback to the 
hypothalamus and pituitary, regulates spermatogenesis directly, 
monitors sexual behavior, and serves as the primary male sex 
hormone that aids primary and secondary sex development. 

The duct system, comprising of epididymis, vas deferens, and 
urethra, stores the sperm until they acquire the capability to 
fertilize with sufficient motility and then transports them to the 
female genital tract through the penis [6]. 


Alterations in one or more of the components of the reproduc- 
tive system are accompanied by modulations in other reproduc- 
tive organs and their endocrine regulations. 


Etiologies of Male Infertility 


The clinical definition of “infertility” itself not only often poses 
a conceptual enigma that both subfertile and infertile couples are 
put under the same category but also refers to failure in attain- 
ing pregnancy within the first year of unprotected intercourse. 
However, many subfertile couples actually may not conceive 
within this stipulated time and are included under the defini- 
tion of being infertile [10]. In addition, among all the cases 
of male infertility, about 60%-75% are idiopathic and remain 
undiagnosed [11]. Diagnosis of male infertility probably covers 
a number of different etiologies, which again is a mechanistic 
paradox and several hypotheses attempt to explain the multivari- 
ate causes of the same. The physiological disruptions resulting 
in male infertility may be related to failure in sperm produc- 
tion, impaired sperm morphology and functions, problems in 
transmission along the duct system through the penis during 
ejaculation, secretory disturbances of the accessory glands, 
and endocrine imbalances. There lies an array of concepts to 
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justify these events individually or in combinations and most of 
the time, the exact mechanism is difficult to specify. In many 
cases, male infertility remains just a mystery. The contributing 
factors ranges from severe to moderate pathological conditions, 
systemic causes, environmental factors, lifestyle factors, and 
metabolic distress to oxidative stress (Figure 1.1). This chapter 
aims to address the perplexity unveiling the physiological mech- 
anisms paving the way to male infertility, explaining every strata 
of male reproductive functions at the pretesticular, testicular, and 
posttesticular levels. 


Pretesticular Pathophysiology 


Immaculate coordination of the hypothalamic-pituitary- 
testicular axis with other related hormones determine func- 
tioning of the male reproductive system. The hypothalamus 
via its pulsatile secretion of GnRH stimulates the pituitary 
gonadotropins, LH, and FSH, which regulate testicular 
steroidogenesis and spermatogenesis. Inhibin and activin from 
the testes in turn operate feedback mechanisms that influence 
the secretion of both hypothalamic GnRH and subsequent 
pituitary gonadotropins [12]. 

Research since the last decade, procures that besides the pivotal 
classical scheme of the hypothalamic-pituitary-gonadal (HPG) axis, 
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Common pretesticular, testicular, and posttesticular causes of male infertility. 
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there are several other components playing vital roles in the regula- 
tion of male reproductive functions. Among these are the groups 
of small RFamide peptides consisting of the motif Arg-Phe-NH2 
at C-terminus, namely, gonadotropin-inhibiting hormone (GnIH) 
and its related peptides [8]. Another essential 54-amino-acid pep- 
tide, Kisspeptin, encoded by the KiSS-1 gene, has been identi- 
fied. This peptide, which activates the G protein—coupled receptor 
(GPR54) in the hypothalamus, is reportedly a major trigger for 
puberty and can supposedly even kindle precocious puberty in 
men [13]. 

HPG axis may be disoriented by the influence of an inesti- 
mable number of internal and external cues, the most common 
being via the stress hormones, several adipokines, and the opioid 
system. A disrupted HPG axis results in inadequate sex steroids 
and inhibin production and in turn, loss of negative feedback to 
regulate hypothalamus and pituitary secretions. Consequently, 
there is an increase in serum activin and unregulated release 
of GnRH and gonadotropins [14]. This undesired elevation of 
LH and FSH culminates in male reproductive dysfunctions [15]. 
Hence, dysregulation of the HPG axis actually modulates con- 
centrations of gonadal hormones and alters the sensitivity of 
their respective hippocampal receptors, resulting in disoriented 
hormone-receptor signaling and abnormal elevation in neuronal 
GnRH, LH, and activin signaling [16]. Stress may also induce 
elevated levels of reactive oxygen species (ROS), which may 
trigger oxidative stress (OS). This may lead to lipid peroxidation 
(LPO) in Leydig cells and germ cells, disrupt lipoproteins, frag- 
ment proteins, and inhibit steroidogenic enzyme activities [17]. 
OS mediates its detrimental effects on male fertility by reduc- 
tion in testosterone production by affecting Leydig cells or indi- 
rectly via disruptions in endocrine regulations of hypothalamus 
or anterior pituitary [18]. 

Interruption or ceased GnRH release and subsequent inhi- 
bition of LH and FSH secretions lead to hypogonadotropic 
hypogonadism (HH). Secondary and tertiary HH owing to 
hypothalamic and pituitary hormones deficiencies, respectively, 
are different from primary or testicular dependent factors. 
Secondary or tertiary HH is characterized by normal or low 
gonadotropin levels with low testosterone concentration [12]. 
Congenital abnormalities resulting from GnRH deficiency 
can either occur singly (normosmic congenital HH) or along 
with hyposmia or anosmia, which is called Kallmann syn- 
drome. Besides testosterone insufficiency, fertility problems, 
and anosmia, patients with Kallmann syndrome often experi- 
ence other neurologic and cardiac disorders. Hypogonadism 
is thus a threat to male fecundity and systemic functions and 
can be caused by various factors including aging [19], obe- 
sity [20], and type 2 diabetes mellitus [21]. Steroidogenesis 
gradually declines with aging and reports suggest men older 
than 60 years generally possess serum testosterone levels less 
beyond the lower limits of a young sexually matured adult [19]. 
Obesity is another worldwide prevalent metabolic disorder that 
severely impairs the hormonal profile and alters several meta- 
bolic hormone profiles, including those of adiponectin, leptin, 
ghrelin, obestatin, and orexin, which individually or in con- 
cert may affect HPG axis or directly alter testicular functions. 
An increased number or size of adipocytes owing to obesity 
leads to both physical and hormonal changes that affect male 
fertility. Physical alterations may comprise increased scrotal 


temperature and thus affect spermatogenesis and erectile func- 
tion (ED). Hormonal disturbances include elevation in the lev- 
els of adipokines (leptin is the mostly reported), estrogen, and 
insulin, and diminution of testosterone levels. These alterations 
contribute to male fertility complications like azoospermia, 
oligozoospermia, increased sperm DNA fragmentation (SDF) 
index, and a reduction in semen qualities [22]. 

Androgen insensitivity syndrome is another severe male 
hormonal incompetency, which is an X-linked disorder trig- 
gered by mutations in the androgen receptor gene causing 
resistance to any androgenic actions for normal reproductive 
functioning [23]. 


Testicular Pathophysiology 
Spermatogenesis: Regulatory Defects 


Spermatogenesis is a continuous process throughout a man's 
lifetime after puberty with individual germ cells requiring 
about 72-74 days to reach maturity. The optimum temperature 
for spermatogenesis is about 34?C. The process occurs within 
seminiferous tubules, where the Sertoli cells support the devel- 
opment, and the Leydig cells produce the required testosterone. 
Disruptions in spermatogenesis may lead to inadequate sperm 
count (oligozoospermia) or absolutely no sperm production 
(azoospermia) and also may result in defects in sperm morphol- 
ogy or motility. 

Spermatogenesis disorders may be evaluated by testicular 
biopsy, and oftentimes, spermatozoa are procured for ART. 
In this regard, the pathological observations mostly reveal 
either “mixed atrophy" (tubules having different spermato- 
genic phases), several forms of developmental or morphologi- 
cal defects in spermatozoa (e.g., round spermatid or meiotic 
arrest), or even “Sertoli cell-only syndrome” (SCOS, where 
absolute absence of germ cells can be observed). These 
characteristics of spermatogenesis disorders can be global, 
which involve all the seminiferous tubules or focal with a 
number of tubules suffering from quantitative or qualitative 
spermatogenesis defects [2]. The pathophysiology of sper- 
matogenic impairment from a molecular perspective is still 
arduous. This is due to lack of detailed functional concepts 
on the testes, which do not simply comprise the two estab- 
lished compartments: The interstitial part (containing the 
most prominent testosterone-producing Leydig cells, among 
other underdiscussed components) and seminiferous tubules 
(with the germ cells and supporting Sertoli cells). Moreover, 
spermatogenesis itself is an intricate differentiation process, 
completely transforming spermatogonia to mature sperma- 
tozoa via various stages. Such continuous coordinated pro- 
cesses are being mediated via integration of neuroendocrine 
and genetic dispositions, amid other physiological regula- 
tions and is reportedly orchestrated by almost 2,000 genes, 
of which more than 600 are supposedly expressed in the male 
germline [3,4,24,25]. 

General causatives of impaired spermatogenesis are scrotal 
heat, endocrine and genetic disorders, drugs, and toxins [26]. 
Endocrine disorders may include abnormalities in the HPG 
axis, adrenal gland disorders, thyroid dysfunctions, hyper- 
prolactinemia, and hypogonadism. The genetic defects may 


lead to gonadal dysgenesis, Klinefelter syndrome (KS), while 
severe spermatogenesis impairment has been observed due to 
microdeletions of the Y chromosome sections. Genitourinary 
disorders may also afflict spermatogenesis, among which 
cryptorchidism or undescended testis is one of the most preva- 
lent congenital disorders [27]. Other important genitourinary 
disorders include infection, injury, testicular atrophy, as well 
as varicocele, which will be discussed in details in the fol- 
lowing sections. Exposure to excessive heat due to excessive 
physical activities, tight clothing, and exposure to radiation 
may increase scrotal temperature, affecting spermatogenesis. 


Functional Disruptions of Sertoli Cells 
and Leydig Cells 


Sertoli cells, supportive cells present in the epithelium of the 
seminiferous tubules, are critical players in spermatogenesis, 
providing nourishment, physical support, and hormonal sig- 
nals required for successful spermatogenesis. Sertoli cells sup- 
port the germ cells through the developing stages. They have 
FSH receptors that enable FSH to act upon them for progres- 
sion of spermatogenesis. They also produce vital hormones, 
activin, and inhibin, which mediate the feedback regulations 
of hypothalamic GnRH and pituitary gonadotropins. These 
LH and FSH in turn determine the testosterone production by 
the Leydig cells and initiation of spermatogenesis via acting 
on Sertoli cells, respectively [28]. Therefore, Sertoli cells and 
their ability to support spermatogenesis act as a limiting fac- 
tor for spermatogonial proliferation [29]. Disruption of Sertoli 
cell function leads to irreversible testicular atrophy [30]. 
Sertoli cell toxicants are more severe than germ cell toxicants 
because the latter fails to deplete the entire stem cell mass, 
and the damage caused are thus reversible with the seminif- 
erous tubules repopulating the germinal epithelium with due 
period [31]. Disruptors or toxicants may induce morphological 
defects by vacuolation of the cytoplasm and shedding of api- 
cal germ cells [30]. Seminiferous tubule fluid (STF), secreted 
by the Sertoli cells, is responsible for the required nutritional 
and hormonal microenvironment for normal spermatogenesis, 
and STF may also be depleted following exposures to toxi- 
cants or testicular injury, which precedes bulk necrosis of the 
germ cells [32]. Decrease or prevention in production of pro- 
teins inhibin B and androgen-binding protein (ABP) by the 
Sertoli cells have also been documented that link to depletion 
of specific spermatogonia [33,34]. For this association, serum 
inhibin B measurement serves as a noninvasive means of the 
assessment of male fertility [35]. 

Leydig cell disruptions lead to male infertility because tes- 
tosterone production is inhibited, causing stage-specific degen- 
eration of the germ cells. This is usually a reversible condition 
with cessation of exposure to the particular disruptors [36]. 
Endocrine disruptors or toxicants can disrupt Leydig cell func- 
tions either by morphological alterations, degenerations of the 
Leydig cells, modulating the activities of the marker enzymes 
of the Leydig cells, namely, 3B-hydroxy steroid dehydrogenase 
(3B-HSD) and esterase and, thus, adversely affecting the ste- 
roidogenesis [36,37]. These effects either singly or cumula- 
tively lead to insufficient testosterone needed for successful 
spermatogenesis [31,36,37]. 
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Vascular Pathophysiology of the Testes 


Varicocele is the most common vascular disease and accounts for 
35% of the overall male infertility cases [38]. Varicocele is char- 
acterized by defects in the testicular venous drainage system with 
abnormal dilations and torsions in the veins of the pampiniform 
plexus. The etiology of varicocele is based on several hypotheses: 
Valvular insufficiency of the internal spermatic veins and the 
“nutcracker phenomenon" are among the most commonly dis- 
cussed ones. Research in recent years support that OS is a key 
player in the pathophysiology of varicocele-mediated infertility. 
A strong association between varicocele and OS was evidenced 
through elevated levels of ROS, nitric oxide, and LPO products 
among infertile men with varicocele as compared to infertile 
men without varicocele [39,40]. Besides varicocele, some of the 
other vascular disorders that attract the attention of researchers 
and clinicians in the male fertility realms are (1) intratesticular 
arteriovenous malformation within the testicular parenchyma; (2) 
segmental testicular infarction is a condition of arterial ischemic 
testicular damage with diffused segmental pattern; (3) intratestic- 
ular deposit of amyloid; (4) testicular hemangioma, which refers 
to abnormal vascular growth owing to neoplasm of soft tissues in 
testis and is benign; (5) testicular ischemia due to torsions in the 
spermatic cord; and (6) venous testicular infarction or testicular 
damage due to ischemia [41]. 


Testicular responses to Oxidative Stress 


OS is a condition that reflects an imbalance between the systemic 
manifestation of ROS and a biological system's ability to readily 
detoxify (antioxidant defenses) the reactive intermediates or to 
repair the resulting damage [42,43]. ROS in seminal plasma may 
originate from numerous exogenous and endogenous sources. 
The human ejaculate comprises of various cells, including the 
epithelial cells, leukocytes, and obviously cells from different 
stages of spermatogenesis. Leukocytes, especially the neutrophils 
and macrophages as well the immature spermatozoa, contribute 
mainly to endogenous ROS milieu. Exogenous sources of ROS 
mostly evolve from unhealthy lifestyle factors such as seden- 
tary work hours, inappropriate diet (overeating, unhealthy food 
intake, untimely eating habits, undernutrition as well as malnu- 
trition), excessive alcohol consumption and smoking, and expo- 
sures to ionizing and nonionizing radiations and toxins [44,45]. 

ROS at physiological levels aid normal sperm functions but 
at elevated levels can afflict the sperm quality and negatively 
impact fertilizing capacity. ROS and their potent metabolites 
can impair testicular functions by affecting the vital macromole- 
cules, DNA, proteins, and lipids, and enzymatic activities. These 
impairments most often lead to irreversible conditions inducing 
cellular apoptosis and resulting in deteriorated semen parameters 
and male infertility [46]. 

ROS results in electron leakage via robust respiring spermato- 
zoa through intracellular redox reactions. Spermatozoa may gen- 
erate ROS through two possible methods: (1) the sperm plasma 
membrane can produce ROS via the nicotinamide adenine dinu- 
cleotide phosphate oxidase system, while (2) the profuse mito- 
chondria of spermatozoa may be the prime contributor to ROS 
generation mediated via the nicotinamide adenine dinucleotide- 
dependent oxido-reductase reaction. Therefore, the more the 
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number of dysfunctional spermatozoa in the semen, ROS produc- 
tion also increases significantly, affecting the mitochondrial func- 
tion and leading to reduced sperm functions and motility [46,47]. 
OS can thus associate with male infertility in multifarious 
ways and eventually impair sperm concentration, motility, and 
morphology [48]. High-cellular ROS may attack polyunsaturated 
fatty acid (PUFA) in the plasma membrane of mammalian sper- 
matozoa, generating reaction cascades or LPO [46]. This accounts 
for loss of almost 6096 of the sperm plasma membrane fatty acid 
impairing its fluidity and permeability as well as disrupting the 
membrane-bound receptors and enzymes [49]. Sperm motility 
can be curbed via LPO or diffusing of water (H5O) through the cell 
membrane, thereby inhibiting enzyme activities, nicotinamide 
adenine dinucleotide phosphate (NADPH) contents, and further 
restricting the antioxidant defense of spermatozoa [46]. Reduced 
sperm concentrations (oligozoospermia) can be correlated to 
elevated seminal ROS levels as the latter can induce apoptosis 
of spermatozoa. Single- or double-stranded DNA breaks report- 
edly may serve as a marker of poor male reproductive potential. 
Sperm chromatin is supposedly vulnerable to oxidative dam- 
age, which results in undesired alterations and DNA fragmenta- 
tion [50]. ROS-induced DNA damage contribute greatly to sperm 
cell apoptosis, diminished fertilization rate, high miscarriage fre- 
quency, and increased rate of morbidity in offspring [46,51]. 


Posttesticular Physiology 
Abnormalities in Sperm Maturation 


Upon exit from the testis, mammalian spermatozoa display highly 
specialized and functionally active morphology. They acquire 
motility to render them able to fertilize an ovum, and these 
characteristics are gained while the sperm transit from the testis 
through the epididymis to the vas deferens [52]. Sperm matura- 
tion refers to spermatozoal development as the male germ cells 
pass through the epididymis to a matured state with the ability 
to fertilize eggs [53]. Among the various characteristics of male 
infertility, angulated spermatozoa comprise a chief one that do 
not restrict from mating but do fail to impregnate [54]. Such 
problems reportedly root from the epididymis, and it has been 
suggested that a hostile environment in the cauda epididymis may 
promote such conditions, which may even afflict the spermatozoa 
oozing out from the proximal cauda epididymis. Only a hand- 
ful of studies attempted to unveil the epididymal cause of such 
abnormalities in the spermatozoa and suggested a role of osmo- 
larity in cauda epididymal fluid wherein spermatozoa maturation 
is affected by concentrations in sodium (Na*), potassium (K*), 
and glycerophosphocholine [55]. 


Ejaculatory Disorders 


A sexual act concludes with three discrete yet subsequent physi- 
ological events in men: emission, ejaculation, and orgasm [56]. 
Malfunctions of any of these events result in sexual disorders that 
may affect reproduction. When the problem is in the emission 
phase, it is referred to as retrograde ejaculation, whereas defects 
in the ejaculatory phase are characterized by early, delayed, or 
completely absent ejaculation, and male anorgasmia is a disorder 
related to failure in attaining full orgasm. Because these three 


physiological events share several similar neuroendocrine aspects 
and are orchestrated to occur subsequently, they may be termed in 
combination as “ejaculatory disorders” [57]. 

Premature ejaculation (PE) is a common ejaculatory dysfunc- 
tion that deteriorates the quality of sex life and may affect effec- 
tive deposition of semen into female genital tract in severe cases. 
The definition of PE varies from intravaginal ejaculatory time 
within | minute [58], 2 minutes [59], 3 minutes [60], or 7 minutes 
of penetration [61]. PE can also be defined in terms of the num- 
ber of penile thrusts, in which, 8—15 thrusts have been postulated 
as criterion for PE [62]. More recent definitions suggest PE as 
consistent or recurrent failure to voluntarily postpone ejaculation 
on or soon following the penetration or with less sexual stimula- 
tion [63]. On the other hand “deficient ejaculation” (DE) refers 
to delay in or impossibility to ejaculate or to reach orgasm. An 
“orgasm” may be defined as “subjective, perceptual-cognitive 
event of pleasure” [57] and reportedly occurs at the same time as 
the ejaculation. However, it may occur even without ejaculation. 
Anorgasmia, with or without ejaculation, is a frustrating sexual 
disorder characterized by absence of orgasm in a sexual act. On 
the contrary, orgasm without ejaculation, even in men who are 
sexually mature, may occur and is termed as “coitus reservatus”. 
Because ejaculation is androgen mediated, it declines with age, 
and so does the experience of orgasm. Orgasm may also modu- 
late central neurotransmission, thereby inducing a postejacula- 
tory pain syndrome with generalized myalgia [64]. 

The pathophysiology of ejaculatory disorders can be explained 
as hypoactive sexual desire, which is mediated by dysregula- 
tions in the central nervous system (inappropriate serotoninergic 
neurotransmission [65]) or impaired peripheral nervous system 
via short frenulum of prepuce, hypersensitivity of the penis to 
minor stimuli, or hyperexcitability reflex [57,62,66]. It can also 
be caused by other neurobiological disorders, urogenital dis- 
eases [67], or even as a consequence of hyperthyroidism [68] 
because the thyroid hormones are known to be major regulators 
of several male fertility parameters [69]. 


Erectile Dysfunctions 


ED is defined as the failure in attaining or maintaining penile 
erections sufficiently to satisfy the requirement of successful 
sexual intercourse [70]. Normal erectile functions are regulated 
by accurate coordination between psychological, neurological, 
endocrine, vascular, and cavernosal entities. Disruptions of any 
of these regulatory factors either solely or in combination may 
bring about ED [51]. Apart from being a psychological- and 
lifestyle-driven sexual disorder, ED has been described from 
organic pathophysiological perspectives, wherein vasculogenic 
causes find major implications by affecting blood supply to the 
penis. ED may also be caused by chronic pathological conditions 
like diabetes mellitus, renal disorders, atherosclerosis, and sev- 
eral vascular diseases [71,72] 


o | 
Immunology of Male Reproduction 
Immune privilege of the testis may be maintained by parting 


of germ cells from testicular interstitium by tight junctions 
between the Sertoli cells and less likely by immunosuppression 


mechanisms. Immune response within the male reproductive 
system may be activated by infection or destruction of the blood 
testis or sperm barrier. Men who are infertile with urogenital 
infections reportedly possess a high number of T lymphocytes 
and granulocytes. Immense leukocytes in the ejaculate may 
also indicate severe infection and are capable of triggering 
potent immune responses. Macrophage and leukocytes also 
increase in the epididymis. These leukocyte invasions may 
deteriorate sperm functions and motility via several interferons 
and tumor necrosis factors, thereby poising threat to the fertil- 
ity status [73]. 

Immunological infertility was earlier reported in some cou- 
ples where more than 10% of motile spermatozoa were antibody 
coated as observed via immunobead test (IBT) or the mixed 
antiglobulin reaction (MAR). Anti-sperm antibodies (ASAs) 
also contribute to a fraction of infertility cases [74] and occurs 
in the blood and semen of the affected men. ASAs may have 
adverse impacts on sperm concentration and viability, lead- 
ing to disorders in sperm transport and its motility. They also 
adversely influence sperm passage across the female reproduc- 
tive tract specifically through the uterine cervix, inhibit sperm 
capacitation, and acrosome reaction afflicting fertilization. 
ASAs may even prevent implantation and embryo develop- 
ment, and the presence of the same may result in spontaneous 
miscarriage [75]. 


(13 
Disoriented Genetic Control 
of Gonadal Functions 


Male infertility may be caused by alterations at chromosomal 
level or gene mutations, which result in disorders in spermatogen- 
esis, sperm maturation, and sperm transportations. Innumerable 
genes are associated with the functioning of the male repro- 
ductive system. Reports suggest that almost 2,000 genes, of 
which more than 600 are supposedly expressed solely in the 
male germline [24], orchestrate reproductive functions in men. 
The prevailing genetic causes of male infertility arise from chro- 
mosomal alterations affecting sperm parameters, which include 
Y-chromosome deletions (which cause disruptions in sperm 
production in almost 1 in 20 men suffering from inadequate 
sperm count) and KS. KS is characterized by an extra X chro- 
mosome that renders the chromosomal arrangement as 47X XY. 
This causes male hypogonadism with impaired spermatogenesis 
and steroidogenesis. Moreover, because testosterone production 
is reduced in such conditions, male secondary sex characteristics 
are poorly developed [23]. 

Congenital absence of vas deferens is a genetic problem in 
which sperm production is unaffected, but impairment occurs in 
transport of sperm from the testes into the ejaculate, and this con- 
dition is caused by a mutation in the cystic fibrosis gene. 


= 
Epigenetics: Old-New Players of Male Infertility 
Recent insights on male infertility display a vast array of epi- 


genetic modifications of spermatozoa [76-78]. Epigenetics 
imply heritable mechanisms regulating gene expressions, 
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which do not cause actual alterations in the concerned 
DNA sequences. Epigenetic processes include histone modi- 
fications, DNA methylation, and noncoding RNAs (ncRNAs). 
Identified ncRNAs include the diverse classes of small micro 
RNAs (miRNA), interfering (siRNAs), long noncoding RNAs 
(IncRNAs), small nucleolar (snoRNAs), and piwi-interacting 
(piRNAs) [79]. 

Sperm epigenetic programming are critical modulators in 
spermatogenesis, key gene expressions, and even in postfertiliza- 
tion events [80—82]. Research suggests significant impairment of 
male fertility status via epigenetic aberrations or hypermethyl- 
ation in numerous genes, namely NTF3, SFN, PAX8, MTHFR, 
RASGRFI, GTL2, HRAS, KCNOI, JHM2DA, MEST, PLAGI, 
DIRAS3, LITI, SNRPN, IGF2, and H19 [81] 

Genome-wide analysis show unique DNA methylation patterns 
in testis. Testicular DNA has more (eight times) hypomethylated 
loci than somatic tissues, mostly including non-CpG islands, 
nonrepetitive sequences [83]. Methylation takes place in the non- 
CpG island sequences at loci and in the repetitive sequences and 
can also occur in CpG islands. Methylation susceptible regions 
are located generally between genes [84]. Different stages of 
spermatogenesis display specific methylation patterns in the germ 
cell genes, modulations of which may affect normal spermato- 
genesis [85]. Gene expressions for male reproductive functions 
are regulated by differentially methylated imprint control regions 
within the parental chromosomes [86] and paternally imprinted 
genes are silenced via DNA methylation, such as those in the 
GTL2, RASGRFI, and Igf2/H19 loci [87]. Epigenetic modifica- 
tions thereby can alter regulations of gene expressions vital to 
sustain robust reproductive functions and, thus, lead to modulated 
or impaired fertility parameters. 

Spermatogenesis is also reliant on posttranscriptional regu- 
lations, of which miRNAs are of importance [88]. Testicular 
miRNA expression alters with spermatogenesis stages [88]. 
miRNAs expression in sperm, semen, and testicular tissues 
seem to strongly correlate with male reproductive functions, 
alterations of which may lead to male infertility [89]. IncRNAs 
and piRNAs have also been reported to be essential in regulating 
spermatogenesis in human males [90]. 

Innumerable testicular epigenetic modulations are yet to be 
explored, which may convey greater understanding on their 
influence on male infertility. 


Conclusion 


This chapter adopted an integrated approach to present the 
possible pathophysiological mechanisms of hormonal, tes- 
ticular, obstructive, immunological, genetic, or epigenetic ori- 
gin, which may impair male reproductive function. Different 
etiological factors may exert their negative impact on male 
fertility at pretesticular, testicular, and posttesticular levels. 
New insights into genetics and epigenetics provide a novel 
approach in investigating male fertility. The complex mecha- 
nisms of male infertility can be explained via multiple coexist- 
ing hypotheses. Therefore, a better understanding of normal 
physiology together with pathophysiology of male subfertility 
forms the basis in resolving the current pitfalls in diagnosis and 
management of infertile men. 
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Assessment and Diagnosis of the Male Infertility Patient 
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Introduction 


Infertility is defined as a couple's inability to conceive following 
at least 12 months of unprotected intercourse [1]. Approximately 
80% of couples are able to achieve pregnancy within the first year. 
Therefore, the diagnosis of infertility should only be made after 
1 year of unprotected sexual intercourse. In certain instances, ear- 
lier investigation can be started when couples present with risk 
factors. These include advanced maternal or paternal age, a history 
of urogenital surgery, cancer, cryptorchidism, varicocele, orchitis, 
the use of gonadotoxins, or history of genital infections [2]. 

Prevalence rates of infertility among couples are approximately 
8%-—14% and vary based on geographic location and study meth- 
odology. Male infertility is a contributing factor in 30%-40% 
of cases involving reproductive-age couples who are unable to 
conceive [3]. The evaluation of male infertility is common in the 
practice of a urologist because approximately 876 of men seek 
medical evaluation for infertility. Of these patients, up to 10% are 
found to have underlying causes that are correctable [2]. Thus, a 
thorough evaluation of the male patient should be performed in 
any reproductive-age couple presenting for fertility-related issues. 

This chapter discusses the initial evaluation and diagnosis of 
the infertile male, with emphasis on clinical history, physical 
examination, semen analysis, endocrine evaluation, and the role 
of imaging and testis biopsy. 


Initial Evaluation 
History 


Typically, infertile males are uncovered in the setting of evalua- 
tion of their female partners, when a gynecologist, reproductive 
endocrinologist, or infertility specialist obtains a semen analy- 
sis. If the semen analysis is abnormal, then male infertility is 
suspected, and the patient is referred to a urologist for evalua- 
tion [2]. A detailed history should be obtained to elicit any clues 
that may guide evaluation. 

Assessment begins with a thorough reproductive history, 
including length of time the couple has been attempting to con- 
ceive, coital frequency and timing, age of partner, contraceptive 


methods previously used, previous fertility, and previous treat- 
ments. Information regarding past medical history should include 
questions related to previous diseases during childhood such as 
orchitis and cryptorchidism, infections such as epididymoorchi- 
tis and sexually transmitted infections (STIs), chronic ongoing 
medical conditions (i.e., diabetes mellitus, obesity, metabolic 
syndrome), history of genitourinary or pelvic trauma, and any 
personal or family history of birth defects or disorders that may 
impact fertility. Surgeries performed involving the genitalia, 
pelvic, or inguinal regions should be identified. Additionally, 
information regarding social habits, including smoking, alcohol, 
and drug use as well as occupations that may result in exposure 
to gonadotoxins should be sought. Physicians should review all 
prescription and over-the- medications, including herbal supple- 
ments, that may impact sperm count and quantity, as well as tes- 
tosterone, finasteride, and prostate cancer medications that can 
impact the hypothalamic-pituitary-gonadal (HPG) axis. 

The importance of clinical history cannot be overempha- 
sized because clues to many underlying etiologies can be 
uncovered with a detailed history, which helps guide additional 
investigation. 


Physical Examination 


Examination begins with general assessment of the patient with 
focus on secondary sexual characteristics. Abnormalities in body 
habitus, hair distribution, and presence of gynecomastia can lend 
clues to underlying metabolic and genetic disorders that can lead 
to infertility. 

Genital examination should be performed in all patients with 
focus on urethral meatus, penis, and testis. The Tanner stage 
should be noted because an adult that is not stage V may have an 
underlying endocrinological or genetic abnormality as the cause 
of their underdevelopment and infertility. Findings of a hypo- 
spadic urethra or pathologic penile curvature can be discovered 
on examination and can be the cause of infertility due to abnor- 
mal sperm expulsion. Testicular examination should include pal- 
pation and sizing. Volume estimation can be performed using a 
pachymeter or an orchidometer (Figure 2.1). Testicular hypertro- 
phy may be seen in both primary and secondary testicular failure. 
The epididymis should be evaluated for complete development 
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FIGURE 2.1 


Orchidometer used to estimate testicular volume. 


and the presence or absence of cysts, masses, and enlargement. 
The absence of part of the epididymis may be related to an absent 
vas deference on the ipsilateral side and further evaluation is 
warranted. 

Varicoceles are diagnosed mainly on physical examination 
performed in a warm room in the supine and standing posi- 
tion. They are graded according to the following scale: Grade 
I varicocele (palpable only during Valsalva maneuver), grade II 
(palpable in the standing position without Valsalva maneuver), 
and grade III (visible without palpation). Firm testis or discrete 
masses should be investigated with scrotal ultrasound. Inguinal 
or scrotal scars may give clues to previous surgical interven- 
tions (i.e., hernia repair, orchiopexy, hydrocele repair, etc.) that 
may have resulted in damage to the vas deferens or testicular 
vasculature. 

The bilateral vas deferens should be easily palpated as 
"spaghetti-like" structures. Unilateral or bilateral absence of the 
vas deferens can result in oligospermia or azoospermia, respec- 
tively. Unilateral or bilateral absence of the vas warrants abdom- 
inal imaging to evaluate for renal agenesis as well as genetic 
testing for cystic fibrosis. 


Semen Analysis 


Semen analysis is an important initial laboratory test to evalu- 
ate male factor infertility. Standardized testing of semen 
analysis with population-based reference values is available, 
allowing for accurate assessment of sperm quality and com- 
parison among different laboratories [4]. Although semen 
analysis does not measure the fertilizing potential of sperma- 
tozoa, it can provide useful information on the status of germ 
cell epithelium, epidiymides, and accessory glands, which 
can be extrapolated to identify underlying etiologies of male- 
related infertility [2]. 
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It is recommended that a minimum of two separate semen anal- 
yses be collected in males undergoing evaluation for infertility. 
The samples should ideally be performed 4 weeks apart, and pre- 
ceded by at least 2 days of abstinence prior to providing the sample. 
If collected at home, the sample should be brought to the labora- 
tory within 20 minutes and maintained at body temperature dur- 
ing transportation [2]. Interpretation of values should be based on 
current World Health Organization (WHO) guidelines. The WHO 
criteria for normal semen parameters are listed in Table 2.1 [5]. 
Commonly analyzed factors include semen volume, pH, sperm 
concentration, total count, motility, morphology, and vitality. 

It is important to recognize the limitations of these reference val- 
ues when evaluating men for infertility. First, the lower limit refer- 
ence values that are proposed as normal cut-offs are based on semen 
analyses obtained from fertile males from eight countries whose 
partners achieved pregnancy within 1 year [2,6]. Second, semen 
analyses of men included northern Europe, Australia, and the United 
States but did not incorporate men from China, India, Africa, the 
Middle East, and South America. Thus, the current WHO standards 
do not account for racial and geographical variations [7]. Moreover, 
studies have shown that there is a significant overlap in semen val- 
ues between fertile and infertile men, with results within *normal 
limits" in up to 40% of those suffering from infertility [8-10]. When 
higher thresholds for sperm concentrations are used as cut-offs, 
studies have shown improved conception rates [11]. 

Semen analysis can also identify abnormalities in sperm count 
or morphology. Oligospermia, defined as sperm concentration 
«15 million/mL, and azoospermia, defined as absence of sperm 
in the ejaculate, are causes of male infertility. When sperm con- 
centration is found to be abnormal, examination of other semen 
parameters can lend clues to the underlying cause. These param- 
eters include ejaculate volume, seminal pH, and fructose level. 
In regard to sperm morphology, the Kruger criteria, which is a 
morphometric description of spermatozoa, was incorporated in 
the new WHO guidelines as a standardized method of classify- 
ing sperm morphology. Using this strict morphological criterion, 
patients with normal morphology had significantly better fertil- 
ization rates in in vitro fertilization (IVF) [12]. Measurement of 
white blood cells in semen can also be valuable in the evaluation 
of infertile males. Leukocytospermia, defined as >1 million leu- 
kocytes per mL of semen, can be associated with male infertility 
and may reflect an infectious or inflammatory disorder resulting 
in abnormal sperm function [13]. Leukocytospermia when identi- 
fied should prompt evaluation for treatable genital tract infection. 


TABLE 2.1 


Lower Reference Limit (5th Centile) for Semen Parameters, Based 
on Published WHO 2010 Criteria 


Semen Parameters WHO Criteria (2010) 


1.5 mL 
15 x 10% spermatozoa/mL 


39 x 10% spermatozoa per ejaculate 


Volume 
Sperm concentration 


Total sperm concentration 


Total motility 4096 
Progressive motility 3296 
Vitality 5896 


4% normal forms 
«1.0 x 10/mL 


Morphology (Kruger criteria) 


Leukocyte count 


Assessment and Diagnosis of the Male Infertility Patient 


Additional Sperm Testing 


Conventional semen analysis alone is insufficient to uncover the eti- 
ology of male infertility in 10%—20% of cases and, additionally, pos- 
sesses limited predictive value in the context of assisted reproductive 
technology (ART) [2.14]. Under these circumstances, additional 
methods of sperm testing are warranted. These tests incorporate a 
wide range of sperm analysis, from their ability to withstand hypo- 
osmotic forces and their degree of oxidative stress (OS) to their 
level of mitochondrial activity and their acrosomal concentration of 
hyaluronic acid receptors for sperm-oocyte interaction [15]. 

Sperm DNA fragmentation (SDF) assays and anti-sperm anti- 
body (ASA) testing are two tests that have been well substantiated 
in literature and reliably used in clinical practice [2]. Indica- 
tions for DNA fragmentation testing include mechanisms for 
DNA damage, such as advanced paternal age and toxic environ- 
mental exposure, as well as manifestations in terms of infertility, 
such as recurrent spontaneous abortion, intrauterine insemination 
failure despite normal semen analysis, and poor rates of fertiliza- 
tion with IVF [15]. Methods range from the nuclear chromatin 
decondensation (NCD) assay, based on the principle that normal 
sperm chromatin will undergo decondensation when exposed to 
ethylenediaminetetraacetic acid (EDTA), to the terminal dUTP 
nick end labeling (TUNEL) assay, which uses an enzyme to label 
DNA strand breaks in an immunohistochemical fashion [16]. 

Rather than studying inherent defects in sperm DNA, the 
ASA assay takes a different approach, detecting concentra- 
tions of immunoglobulins in a quantitative manner targeted 
against sperm, negatively impacting their vitality, motility, and 
egg-binding ability. Using either Coombs testing or beads labeled 
with anti-immunoglobulin antibodies, identification of greater 
than 5096 sperm binding is significantly associated with higher 
rates of infertility [15,17]. 


Additional Evaluation 
Endocrine Evaluation 


The hypothalamic-pituitary-testicular axis is essential in male 
sperm production and hormonal aberrations are a well-recognized 
cause of male infertility. Endocrine evaluation should be consid- 
ered in oligospermia, azoospermia, erectile dysfunction (ED), 
and in men who are infertile presenting with symptoms or signs 
of hypogonadism [1]. 


TABLE 2.2 
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Endocrine evaluation includes serum follice-stimulating 
hormone (FSH) and early morning testosterone levels. If tes- 
tosterone level is low then a repeat confirmatory testosterone 
level should be obtained in addition to measurement of free 
testosterone, luteinizing hormone (LH), and prolactin lev- 
els. Testosterone circulates in the free and bound form. The 
free testosterone represents the bioavailable form, and levels 
can be impacted by conditions that result in elevated levels of 
sex hormone-binding globulin. These include hyperthyroidism, 
aging, hepatic dysfunction, medications, and estrogens [18]. 
Highly elevated FSH and LH levels with concomitant low or 
normal testosterone indicate primary testicular failure, which 
can be due to congenital (i.e., Klinefelter syndrome [KS]) or 
acquired causes. Isolated elevation in FSH levels is usually 
secondary to germ cell epithelial damage [2,19]. FSH levels 
greater than two times the upper limit of the normal range is 
diagnostic of dysfunctional spermatogenesis [2]. Although 
low FSH and LH levels with concomitant low or normal tes- 
tosterone indicate secondary testicular failure or hypogonado- 
tropic hypogonadism (HH), which can be due to congenital 
(i.e., Kallmann syndrome) or acquired (1.e., trauma, prolactin- 
secreting pituitary tumors) causes [20]. If a pituitary tumor is 
suspected, serum prolactin level and cranial imaging should be 
obtained. Low FSH and LH levels in conjunction with elevated 
testosterone levels may indicate exogenous testosterone use, 
which results in impaired testicular spermatogenesis. Refer to 
Table 2.2 for a summary of clinical conditions and associated 
changes in hormone levels. 

Hyperestrogenism should be suspected in infertile males 
found to have gynecomastia. Significant seminal alterations 
can occur when the estradiol levels are elevated. Infertile 
men with a low serum testosterone-to-estradial ratio can 
be treated with an aromatase inhibitor. The increase in 
testosterone-to-estradial ratio results in improved semen 
parameters [21]. 


Genetic Evaluation 


Genetic abnormalities may cause male infertility by affect- 
ing sperm production or sperm transport. Approximately 696 of 
males who are infertile have an underlying chromosomal abnor- 
mality [22-24], which is higher than the general population. 
The three most common genetic factors known to be related to 
male infertility are: (1) chromosomal abnormalities resulting 


Clinical Condition Correlations and Their Associations with FSH, LH, Testosterone, and Prolactin 


Clinical condition FSH 

Normal spermatogenesis Normal 

Abnormal spermatogenesis* t/Normal 

Primary testicular failure 1 
(hypergonadotropic hypogonadism) 

Secondary testicular failure | 
(hypogonadotropic hypogonadism) 

Pituitary tumor Normal/| 


Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone. 


LH Testosterone Prolactin 
Normal Normal Normal 
Normal Normal/| Normal 
1 Normal/| Normal 
| | Normal 
Normal/| I 1/Normal 


a Abnormal spermatogenesis may have normal FSH although isolated elevated FSH indicates diffuse testicular failure. 
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in impaired testicular function; (2) cystic fibrosis gene muta- 
tions associated with congenital absence of vas deferens; and 
(3) Y chromosome microdeletions associated with isolated sper- 
matogenic impairment. Genetic evaluation can provide crucial 
diagnostic information, be used as a starting point for genetic 
counseling in positive patients, and help determine feasibility of 
sperm extraction for intracytoplasmic sperm injection (ICSI) in 
patients interested in ART. 

G band karyotyping is used to assess for chromosomal 
abnormalities [2]. The risk of finding karyotype abnormalities 
increases with the severity of impairment of spermatogenesis. 
Patients with «10 million spermatozoa per mL have an approxi- 
mate 10 times higher incidence (4%) of chromosomal structural 
abnormalities compared to that of the general population [25]. 
Patients who have a positive family history for recurrent abor- 
tions, malformations, and familial-associated pathology are 
also at higher risk regardless of sperm concentration. Therefore, 
karyotype analysis should be used in men who have azoosper- 
mia, severe oligoospermia, or have a positive family history. 
The most common sex chromosome abnormality in men is KS 
(47,XXY) which has a variable phenotype related to andro- 
gen deficiency, including female hair distribution, elongated 
extremities secondary to late epiphyseal closure, and small firm 
testes with Leydig cell dysfunction commonly causing primary 
testicular failure. Most patients with KS have azoospermia sec- 
ondary to impaired spermatogenesis, which only worsens after 
puberty [26]. However, these patients can still generate their 
own offspring using ICSI with microsurgical testicular sperm 
extraction (TESE) yielding an average of 30%-50% sperm 
recovery rate in recent data [27]. According to one study fol- 
lowing the offspring of patients with KS who used ICSI, most 
related children were born healthy with normal karyotype, with 
only one 47X XY fetus reported [26]. 

Cystic fibrosis gene mutations have been shown to be commonly 
associated with male infertility, particularly those involving the 
cystic fibrosis transmembrane conductance regulator (CFTR) gene, 
which is located on the long arm of chromosome 7. Mutations in 
the CFTR gene have also been associated with congenital bilat- 
eral absence of vas deferens (CBAVD). Of note, although all males 
who have cystic fibrosis concurrently have CBAVD, approximately 
7096 of males with CBAVD do not have cystic fibrosis even though 
they have a CFTR gene abnormality [28]. 

The most common CFTR gene mutation is AF508, which is a 
deletion in the amino acid phenylalanine 508 [29]. There are a 
least 1,300 different mutations identified in the CFTR gene; how- 
ever, currently available screening tests evaluate only the 30-50 
most common mutations identified in cystic fibrosis. Direct 
sequence analysis of the entire gene requires extensive effort 
and, although commercially available, is costly. Given the fact 
that all patients with CBAVD are assumed to have a CFTR gene 
mutation, there is validity to the claim that genetic testing holds 
little diagnostic benefit. However, it is still important to obtain 
genetic testing to counsel patients regarding future health effects 
of CFTR mutations as well as counseling siblings regarding their 
risk of carrying CFTR mutations [30]. The female partner should 
also be screened. If both partners are carriers, then the couple 
needs to be counseled about the 25% risk of having offspring 
with cystic fibrosis. Genetic counseling is recommended if one 
or both partners are carriers of CFTR mutations. 
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Unilateral vasal agenesis (CUAV D) alone should not result 
in obstructive azoospermia; however, it is commonly associ- 
ated with contralateral segmental atresia of the vas deferens 
or seminal vesicle, which if concurrently present, results in 
obstruction similarly to CBAVD. Unlike CBAVD, approxi- 
mately 40% of patients with CUAVD have CFTR gene muta- 
tions and should be counseled as such [31]. There is a strong 
association between CUAVD and ipsilateral renal anomalies 
because of a shared common embryological origin. If uni- 
lateral absence of vas deferens is discovered, then further 
workup should include abdominal imaging to rule out concur- 
rent renal anomalies [2,32]. 

The Y chromosome is essential for spermatogenesis and 
testicular development [2]. Y-chromosome microdeletions 
have been associated with spermatogenic impairment with 
the severity of which is related to the location of involvement. 
The most common Y-chromosome region that is related to 
infertility is the azoospermia factor locus (AZF) that con- 
tains subregions controlling different steps of spermatogen- 
esis known as AZFa, AZFb, and AZFc. AZF microdeletions 
represent the most frequent molecular genetic cause of azo- 
ospermia and severe oligoozospermia [33]. Microdeletions 
involving AZFa and AZFb are associated with germ cell apla- 
sia and arrested maturation, and attempts at sperm retrieval 
are not recommended in patients harboring these deletions 
because there is no chance of finding testicular sperm [34,35]. 
In microdeletions involving the AZFc region, sperm extrac- 
tion yields a 71%-80% success rate [36]. 


Role of Imaging 


Obtaining imaging studies should be directed by medical his- 
tory, physical examination, and the results of the endocrine 
and genetic workup. Diagnostic imaging serves two main roles 
in the diagnosis and management of male infertility: First, it 
aids in identification of an underlying etiology and, in doing so, 
specifies the most promising methods for achieving success- 
ful fertilization [37]. These modalities exist along a spectrum 
of invasiveness, with initial techniques aimed at assessing tes- 
ticular characteristics, localizing obstructive pathology, and 
classifying its extent in a noninvasive manner. More invasive 
approaches, previously employed more frequently in diagno- 
sis, are now typically reserved for therapy after a diagnosis has 
already been made [38]. It is prudent to incorporate imaging in 
a systematic fashion, based on the findings of a prior workup, 
rather than as components of a shotgun approach. The purpose 
of this section is to highlight the roles of ultrasound, magnetic 
resonance imaging (MRI), nuclear magnetic resonance spec- 
troscopy, and vasography within the workup of male infertility, 
with particular attention to their tailored selection in an effort 
to promote efficiency and minimize unnecessary and invasive 
procedures. 


Ultrasound 


Due to its low cost and noninvasive nature, ultrasound (US) has 
emerged as the modality of choice for initial assessment of male 
infertility by means of identification and characterization of tes- 
ticular, prostatic, ductal, and vascular pathology [39]. 
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Scrotal US: Guided by an abnormal physical exami- 
nation or semen analysis, scrotal US represents an 
informative next step. It has the potential to evalu- 
ate testicular characteristics, such as volume, echo- 
genicity, and vascularization, define and measure the 
epididymis and proximal vas deferens, and measure 
venous pressures within the pampiniform plexus (via 
color Doppler) [40]. In this manner, scrotal US playsa 
crucial role in identification of causes of nonobstruc- 
tive azoospermia (NOA): detection of abnormalities 
of the testes (i.e., cryptorchidism, acute infection or 
inflammation, or primary malignancy) or the associ- 
ated vasculature (i.e., varicocele) [38]. With respect to 
the latter, the American Urologic Association and the 
Society for Male Reproduction and Urology define a 
role for scrotal US in the clarification of an inconclu- 
sive or difficult physical examination and agree that 
imaging adjuncts should not be employed in a search 
for nonpalpable, subclinical varicoceles [41,42], 
unless in the setting of a contralateral palpable dilata- 
tion [2]. However, as a confirmatory study of clinical 
varicoceles, scrotal US possesses high sensitivity and 
specificity, as well as grading capacity based on the 
degree of reflux upon Valsalva [38]. (Figure 2.2) As 
a caveat, there exists discrepancy between imaging- 
based grading of varicoceles and their clinical sever- 
ity on physical examination, as well controversy over 
the value of US for dictating therapy [43]. For diag- 
nosis of obstructive azoospermia (OA), scrotal US has 
important initial value by demonstrating abnormali- 
ties of the epididymal head, body, and tail, in addition 
to significantly elevated testicular volume [44,45]. 

Transrectal US: By providing imaging of the seminal 
vesicles, prostate, and ejaculatory ducts, transrectal 
ultrasound (TRUS) is often the modality of choice in 
patients with low-volume oligospermia or azoopermia 
on semen analysis [2]. The presence of seminal vesicle 
or ejaculatory duct dilatation, particularly in conjunc- 
tion with cysts or calcification, suggests ejaculatory duct 
obstruction [46]. Combining testicular volume mea- 
surement via scrotal US with seminal assessment via 


FIGURE 2.2 Scrotal ultrasound demonstrating typical appearance of 
varicocele. 
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TRUS proves most effective in distinguishing OA from 
NOA. Beyond diagnostic value alone, TRUS-guided 
seminal vesicle aspiration offers therapeutic potential 
for men with complete distal or partial obstruction, tak- 
ing advantage of the finding that reflux of sperm may 
occur in the setting of obstruction [47]. 


Renal US: Renal US holds a specific role in workup of 
patients with congenital bilateral or unilateral agen- 
esis of the vas deferens, in light of their correlation 
with renal agenesis or ectopia. Not only should this 
imaging modality be incorporated in the evaluation 
of the renal anatomy of men with congenital unilat- 
eral absence of the vas deferens, but it should also be 
included as a component of any prenatal evaluation 
should these men conceive, given the potential for ver- 
tical transmission [48]. 


MRI 


Due to technical superiority in terms of higher resolution and 
multidimensional imaging, MRI has emerged as a useful adjunct 
to TRUS for visualization of the prostate, seminal vesicles, ejac- 
ulatory ducts, and vas deferens [37], particularly in the context 
of inconclusive ultrasound [49]. One etiology of ejaculatory duct 
obstruction, compression by midline prostatic cysts with con- 
sequent ejaculatory duct and seminal vesicle dilation, is read- 
ily imaged by MRI [50] (Figure 2.3). In addition, certain central 
causes of nonobstructive male infertility, namely prolactin- 
releasing pituitary adenomas, heralded by elevated prolactin lev- 
els and symptoms of intracranial mass effect, such as bitemporal 
hemianopsia or headache, represent a prime diagnostic target for 
the application of pituitary MRI [50]. 


Nuclear Magnetic Resonance Spectroscopy 


Recent research has sought to characterize and differentiate 
between different etiologies of male infertility based on the 
metabolomics of patient seminal plasma. Several studies have 
demonstrated the use of 1H nuclear magnetic resonance (NMR) 
spectroscopy in characterizing the differences in the biochemi- 
cal profiles of normal sperm versus sperm in idiopathic infertil- 
ity and sperm in abnormal semen analyses [51]. The search for 
metabolic markers has progressed beyond attempts at under- 
standing etiologies of infertility, to those aimed at optimizing 
ART. For example, based on the finding that distinct biochemi- 
cal profiles exist between normal testis tissue and that associ- 
ated with Sertoli-cell-only (SCO) syndrome, NMR spectroscopy 
may have a role alongside or even in place of invasive testicular 
biopsy for detecting which men with NOA possess viable sperm 
and, are, therefore, suitable candidates for sperm extraction and 
intracytoplasmic sperm injection [52]. 


Vasography 


Vasography lies at the more invasive end of the spectrum of 
imaging modalities in the evaluation of male infertility. It is 
performed via scrotal or inguinal exploration concurrently 
with planned ductal reconstruction by partially incising the 
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FIGURE 2.3 Pelvis magnetic resonance imaging (T2-weighted coronal images) demonstrating midline prostatic cyst causing ejaculatory duct obstruction. 


vas deferens, inserting a small catheter, and injecting contrast 
to evaluate patency of the vas deferens and ejaculatory ducts. 
Vasography has been largely replaced by US and MRI, in part 
owing to the risk of vasal infection and incisional stenosis and 
stricture [38]. However, an adapted form of this technique, with 
instillation of saline instead of contrast dye, continues to have a 
role as a step in reconstructive procedures designed to confirm 
patency after repair of obstruction [53]. 


Testis Biopsy 


The role of testicular biopsy is limited to select cases of azoosper- 
mia or severe oligoospermia. It can provide important diagnostic 
information on underlying pathology and can be therapeutically 
beneficial if viable sperm are found and can be cryopreserved 
for future ICSI [54]. If used for diagnostic purposes only, the 
technical choice is to perform the procedure percutaneously 
either with needle aspiration or a biopsy needle gun. Another 
minimally invasive approach involves a small scrotal incision to 
create a “window” to the testicle without delivery of the testicle 
through the incision. There is no consensus as to whether biop- 
sies should be performed unilaterally or bilaterally. It is advised 
that if a unilateral biopsy is performed then it should be done on 
the larger of the two testes. 

Specimens should be placed in a fixative solution such as 
Bouin, Zenker, or glutaraldehyde. Formalin should not be used 
as it may disrupt the tissue architecture. Testicular biopsies are 
particularly useful when there is need to definitively distinguish 
between OA and NOA in patients without obvious laboratory 
abnormalities. Testicular histopathology may reveal normal 
spermatogenesis, hypospermatogenesis, germ cell maturation 
arrest, germ cell aplasia (Sertoli-cell-only syndrome), tuberous 
sclerosis, or a combination of these conditions. Although diag- 
nostic testicular biopsy may help to determine if spermatogenesis 
is impaired, it does not provide accurate prognostic information 
as to whether future sperm extractions will be successful or 
whether sperm is present elsewhere in either testis. This is why 


biopsy may not be absolutely necessary to diagnose NOA with 
congruent clinical findings and endocrine evaluation prior to 
planned sperm extraction for IVF or ICSI (i.e., testicular atrophy 
or markedly elevated FSH). Of note, vasography should not be 
performed at the same time as testicular biopsy due to the risk of 
vassal scarring and obstructive vasography unless reconstructive 
surgery is undertaken at the same time. 


Conclusion 


Male-related infertility is the underlying cause in almost half 
the cases of couples seeking to conceive, and urologists should 
be comfortable in guiding the appropriate investigation of these 
patients. A comprehensive evaluation including a thorough 
initial assessment in conjunction with guided laboratory and 
imaging studies can uncover reversible etiologies that may be 
correctable and lead to successful conception. When the under- 
lying etiology of infertility remains unknown, tests such as 
genetic evaluation and additional semen testing can be consid- 
ered in the appropriate circumstances. Determining reversible 
and irreversible etiology is prudent prior to referring patients 
to ART. 
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Semen Analysis 


Meaghanne K. Caraballo, Alyssa M. Giroski, Rakesh Sharma, and Ashok Agarwal 


Introduction 


Conceiving a child is often one of the most desired goals in a 
couple's relationship, but unfortunately this cannot be achieved 
naturally in all cases. Infertility is a couple problem that affects 
15%-20% of the population. Of these, 30%-40% can be attrib- 
uted to male-factor infertility, and 30%—40% can be attributed to 
female-factor infertility. In the remaining 20%, there is a com- 
bination of both male and female factors [1,2]. To assess male 
factor infertility, semen analysis is the primary test that a physi- 
cian will order. A formal laboratory evaluation of semen analysis 
requires adherence to strict guidelines according to the World 
Health Organization (WHO) guidelines [3]. 

Evaluation of semen is performed using standardized refer- 
ence ranges (Table 3.1) established by WHO in 2010 [3]. Routine 
semen analysis includes macroscopic evaluation, including color, 
volume, pH, viscosity, and liquefaction. Microscopic evaluation, 
includes round cell count, concentration, total motility includ- 
ing progressive motility retrograde semen analysis, sperm mor- 
phology, sperm viability; and sperm-function testing including 
fructose testing, hypo-osmotic swelling, and antibody testing. 
Advanced sperm testing is available in specialized andrology 
laboratories for evaluating oxidative stress (OS) and includes 
measurement of reactive oxygen species (ROS), total antioxidant 
capacity (TAC), oxidation reduction potential (ORP) and sperm 
DNA fragmentation (SDF). 


TABLE 3.1 


Normal Values (fifth percentile) for Semen Analysis According to 
WHO 2010 Guidelines 


Parameter References 
Volume (mL) 1:5 

pH 

Sperm concentration (x10%mL) 15 

Motility (% total) 40 
Morphology (% normal) 4 

Vitality (96) 58 

White blood cells (x105/ml) <1.0 x 10° 


Semen Collection 


Semen samples should ideally be collected after abstaining from 
ejaculation for a minimum of 2 days but not more than | week [3]. 
Longer abstinence times can result in hyperspermia or a semen 
volume greater than 5 mL. When the patient is instructed to 
provide a semen sample, they should be given the appropriate 
instructions to ensure that the semen sample is collected prop- 
erly and free of contaminants that may affect semen quality [4]. 
It is recommended that semen samples be collected via masturba- 
tion only into a sterile, wide-mouthed plastic container. Samples 
collected via coitus interruptus should not be accepted because 
they will be contaminated with cellular debris and bacteria. One 
of the major concerns with this method of collection is that the 
first portion of ejaculate, which usually contains the highest con- 
centration of spermatozoa, is lost. Additionally, the acidic pH of 
the vaginal fluid can adversely affect sperm motility. In special 
cases, patients may use a specialized collection condom, such 
as a MaleFactor-Pak. These types of condoms are made of inert 
polyurethane and do not contain spermicides and, therefore, 
maintain semen motility. No lubricants or saliva should be used 
in the collection process because they may adversely affect the 
sample quality. Immediately after collection, semen samples 
should undergo a standard liquefaction period. If the patient 
collects off site, the sample must be delivered to the laboratory 
within 1 hour of collection. It must be kept at body temperature to 
protect against temperature fluctuations. After 60 minutes, sperm 
motility may be compromised [2] and, thus, it is recommended 
that the analysis be performed as soon as possible after liquefac- 
tion has occurred. 


Macroscopic Evaluation of Semen 


The macroscopic evaluation of semen includes semen volume, 
pH, viscosity, liquefaction, and age of the sample. 


Appearance 


After liquefaction, semen samples undergo a macroscopic 
analysis. Normal semen sample is opaque in appearance 
and homogenous. If the specimen has a clear appearance, 
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the patient's sperm concentration may be too low or possi- 
bly even azoospermic. On the other hand, if it has a reddish- 
brown appearance, then there may be red blood cells present. 
Hematospermia (i.e., appearance of blood in the semen) can be 
attributed to a variety of factors such as infection or inflam- 
mation in any area of the male reproductive system, excessive 
masturbation, obstruction, tumors, or polyps. Certain phar- 
maceutical drugs and medical conditions (e.g., jaundice or 
prostate infection) can cause an abnormal appearance of the 
semen. Urine contamination can alter the appearance of semen 
to a yellowish color. 


Semen Volume 


The volume of the ejaculate is largely comprised of the secre- 
tions of the accessory glands such as the seminal vesicles and 
the prostate gland. A small portion of the volume also comes 
from the bulbourethral glands and the epididymis. The stan- 
dard volume for the ejaculate is 21.5 mL by WHO reference 
range [3]. 

When a semen sample measures less than 0.5 mL it is 
referred to as hypospermia. This abnormality can be the result 
of many different underlying factors such as hypogonadism, ret- 
rograde ejaculation, and obstruction of the lower urinary tract 
or a congenital bilateral absence of the vas deferens. It is also 
important to note that the first couple of drops of ejaculate typi- 
cally have a high sperm concentration. Any incomplete sample 
or split ejaculates must be reported by the patient and should 
be documented in the analysis report. An incomplete sample 
can account for reduced semen volumes. Some patients do 
not produce an ejaculate after orgasm and instead produce dry 
ejaculate. This is more commonly referred to as aspermia. An 
accurate record of semen volume is essential. The laboratory 
may use a graduated serological pipette, a graduated 15 mL 
conical centrifuge tube or weight for accuracy. The WHO rec- 
ommends using a preweighed sterile collection container for the 
most accurate volume [3]. 


Semen Viscosity 


Semen viscosity measures the seminal fluid's resistance to flow. 
High viscosity is determined by the elastic property of the semen 
sample when it is free dropped from a pipette. A thread length 
greater than 2 cm is considered abnormally viscous. High viscos- 
ity after complete liquefaction can affect motility, concentration, 
and antibody-coated spermatozoa. In cases of moderate or severe 
viscosity, a preweighed vial of trypsin powder (5 mg) can be used 
to break the viscosity. 


Semen pH 


The semen sample is primarily made up of the alkaline fluid 
from the seminal vesicles and the acidic fluid from the pros- 
tate. The pH of the two fluids combined should be in the range 
of 7.2-8.2. A pH of «7.0 in a semen sample may indicate 
an obstruction in the ejaculatory duct [5]. This results in an 
absence of alkaline secretions from the seminal vesicle fluid. 
A higher pH could indicate the presence of an underlying 
infection [5]. 
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Microscopic Evaluation of Semen 
Round Cells 


Round cells in the semen sample consist of immature germ cells 
and leukocytes. The presence of excessive immature germ cells 
in the ejaculate may indicate an environment of oxidative stress 
(OS) during spermatogenesis [6]. Therefore, it is important to dif- 
ferentiate between these two round cells. To distinguish between 
the two, round cells are counted in a high-power field. Presence 
of more than 5 round cells or >1 x 10% round cells on the wet 
prep indicates testing for presence of white blood cells accord- 
ing to WHO guidelines. Presence of «1.0 x 10% round cells may 
contain activated leukocytes, which can produce the ROS that are 
harmful for the spermatozoa [7,8]. 


Leukocytospermia 


Quantification of leukocytes in semen is performed on a wet prep 
andistestedby the myeloperoxidase or Endtz Test [9]. This testiden- 
tifies the peroxidase positive granulocytes that stain dark brown: 
i.e. macrophages and neutrophils. Presence of >1 x 10° wbc/mL 
of the sample is indicative of leukocytospermia [3]. 


Concentration and Motility 


The concentration of a semen analysis is calculated by the 
number of spermatozoa in 1 mL of semen. The reference 
value is 215 x 10%mL. The total sperm number or count is 
the total number of spermatozoa in the entire semen ejaculate. 
Oligozoospermia and azoospermia are diagnosed by the total 
number of sperm count. Oligozoospermia is defined as sperm 
concentration «15 x 10%/mL. Azoospermia or cryptozoospermia 
is referred to as the absence of spermatozoa in the ejaculate. 

Calculating the concentration of semen is done by properly 
mixing the semen through pipetting or vortexing the ejaculate. 
The sample is placed on a fixed counting chamber. A minimum 
of 200 spermatozoa are observed under 20x. A minimum of 200 
spermatozoa should be counted as suggested by WHO; a 10 x 10 
grid is placed in the eye piece for counting the sperm using a phase 
contrast microscope and 20x objective (Figure 3.1). It is comprised 
of a total of 100 squares in 10 rows and 10 columns. A row factor is 
applied to obtain the concentration as shown in Table 3.2. 


TC z Total number of sperm counted 
F = Total number of fields 

RF = Row factor 

MF = Microscope factor 

S = Number of squares on a grid 
Concentration 2 (TC/F) x RF x MF/S 


TABLE 3.2 


Calculating the Concentration 


Number of Rows Counted Row Factor 
10 
5 
5 2 
10 1 
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FIGURE 3.1 Measurement of sperm concentration and motility by a fixed counting chamber and a phase contrast microscope. 
Example: TABLE 3.3 
Calculating Forward Progression 
Concentration = (167/5) x 5 x (20/100) = 33.40 x 10%/mL 
Grade Letter 
Total sperm count of the sample is calculated by multiplying the 1 D 
total volume by the concentration of the sample. 2 € 
3 B 
Example: 4 A 
Concentration = 33.40 x 109/mL 
Percentage forward progression — Am 100 


Volume of the sample = 2.0 mL 
Total sperm count = 33.40 x 10%/mL x 2.0 mL 


= 66.80 x 10° 


Motility and Forward Progression 


Assessment of sperm motility is important in the routine semen 
analysis and is related to the probability of pregnancy [10,11]. If 
the majority of sperm are non-motile, the chance of fertilization 
of the oocyte will be minimal. WHO recommends that total nor- 
mal motility for a semen analysis is 24096 [3]. 

Sperm are classified in four different grades of motility or forward 
progression. Grade 1 is the least motile grade and is classified as hav- 
ing weak flagellar and twitching movement. Grade 2 is defined as 
having poor to moderate forward progression. Grade 3 is described 
as having "good" to "rapid" unidirectional forward progression. 
Lastly, grade 4 has rapid multidirectional forward progression and is 
thought to be the most efficient passage through the cervical mucus. 

Calculating forward progression is based on the total motile 
sperm in the semen sample. Calculating the motility of semen is 
done by properly mixing the semen by either pipetting or vortex- 
ing the ejaculate, placing the sample on a hemocytometer cham- 
ber or on a fixed sperm counting chamber, and observing it under 
20x, as described in Table 3.3. 


XX 
A+B+C+D 


Computer-Assisted Semen Analysis 


Computer-assisted sperm analysis (CASA) is an alternative 
method to the manual semen analysis. The CASA technology 
was developed in the late 1980s, which followed the rise of 
the personal computer. The development of the digitization of 
video helped to analyze motility and the various types of sperm 
kinematics (i.e., amplitude of lateral head displacement [ALH ], 
linearity [LIN], and curvilinear velocity [VCL]) of the sperm. 
CellSoft was first introduced in 1985 and was soon followed by 
Hamilton-Thorne in 2000 and was used primarily as a research 
tool [12]. 

CASA in the laboratory setting must meet the WHO criteria 
and must meet the Uncertainty of Measurement (UoM) require- 
ment of +20% compared to the manual count. The laboratory 
staff must be fully trained and competent to meet the WHO crite- 
ria. A daily quality control of CASA must be performed by using 
a suspended latex bead solution that is run in accordance with 
Clinical Laboratory Improvement Amendment (CLIA) regula- 
tions. This test solution kit includes two level solutions that are 
prepared with small latex particles or beads that are suspended in 
an isopycnic medium that allow the latex particles to freely float 
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evenly throughout the solution. The two levels that are tested have 
an upper range and a lower range to verify that the CASA can 
pick up high and low sperm concentrations. These beads were 
designed primarily for capillary-loading fixed-counting cham- 
bers (e.g., Leja chambers or MicroCell fixed-cell counting cham- 
bers) but may also be used for validation of manual sperm counts 
using the hemocytometer. Weekly quality control should also be 
performed by the lab with an unknown semen sample; this sample 
should be tested on the CASA and read by a technologist to make 
sure that the UoM is met and acceptable for quality control. 

The CASA system is temperature controlled at 37°C and allows 
the laboratory to have accurate readings for sperm concentra- 
tion, motility, velocity, linearity, and amplitude of lateral head 
displacement. After liquefaction of the collected semen sample, 
the technologist loads the sample on the capillary-loading cham- 
ber and places it on the CASA stage. Once the slide is loaded on 
the stage, it is analyzed by the technologist [13]. Technologists 
manually choose the fields that they would like selected for an 
analysis to be performed on. The CASA will analyze the selected 
fields and create a report. The CASA results will then be com- 
pared to the manual concentration of the technologist, and if the 
results are within the UoM of +20%, then the CASA results will 
be used. If the results differ by >20% then the manual reading for 
concentration or motility will be reported. 


Retrograde Semen Analysis 


For some men, infertility is a result of an anatomic abnormality. 
Normally, the bladder neck muscles tighten right before ejacula- 
tion causing the semen to exit the male reproductive system via 
the urethra. In the case of retrograde ejaculation, which can also 
be referred to as a dry orgasm because of a lack of semen, semen 
retropulses into the bladder upon ejaculation instead of through 
the urethra. There are several medical conditions that may result in 
retrograde ejaculation, including but not limited to Parkinson dis- 
ease, diabetes, multiple sclerosis, spinal cord injuries, and enlarged 
prostate. These medical conditions damage and impair the nerves 
and muscles that control ejaculation, and some surgeries disrupt 
these nerves and muscles. Even medications that treat high blood 
pressure, benign prostatic hypertrophy (BPH), and depression 
may be the culprit behind a man's retrograde ejaculation [14]. 

If retrograde ejaculation is suspected, the diagnosis can 
be confirmed by a urinalysis of a postejaculate urine sample. 
A microscopic analysis of a spun down and reconstituted urine 
sample can be evaluated for any sperm that may be present. To 
complete a retrograde urinalysis, the patient will need to first col- 
lect their ejaculate in one container and then immediately urinate 
into a secondary container. This secondary container should be 
given to the patient before collection and should contain warm 
human tubal fluid (HTF) with 596 human serum albumin. HTF is 
formulated on the chemical composition of HTF, which aids in 
the manipulation of gametes or, in this case, spermatozoa. 

Once the patient collects their semen and postejaculatory urine 
samples, the semen should be allowed to undergo the standard 
liquefaction period of at least 20 minutes, while the urine mixed 
with HTF is transferred into 15-mL conical tubes and is further 
processed by centrifugation. During centrifugation, the HTF acts 
as a washing medium and causes any sperm present in the urine 
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sample to collect and pellet at the bottom of the tube(s). When the 
centrifugation is complete, the supernatant should be removed. 
Another 1-2 mL of HTF will be added to the urine sample to 
reconstitute the pellet at the bottom of the tube [15]. A portion 
of this reconstituted pellet will then be analyzed microscopically 
for any sperm present in the postejaculate urine sample. In cases 
when the patient is unable to provide a semen sample because of 
no ejaculate, the patient should masturbate until orgasm is reached 
and then immediately urinate into the designated container. 

For those individuals that are diagnosed with retrograde ejacu- 
lation, their samples can be processed for intrauterine insemina- 
tion, sperm cryopreservation, and used in in vitro fertilization 
(IVF) or intracytoplasmic sperm injection (ICSI) if there are a 
sufficient number of sperm. 


| —— Í 
Sperm Viability 


Eosin-Nigrosin (E/N) is a staining technique that assesses the 
vitality of a semen sample. It is recommended when the initial 
motility is less than 25%. Nigrosin increases the contrast between 
the background and sperm heads, making sperm easier to visu- 
alize [16]. This staining technique must be performed immedi- 
ately after motility is assessed using sperm from the same semen 
sample. Stained slides can be stored for reevaluation and quality 
control purposes. 

The staining solution consists of Eosin-Y (1%) and Nigrosin 
(10%). The slides are labeled and one drop of liquefied semen 
sample is placed into a Boerner slide well. Two drops of Eosin 
are added and mixed well followed by two drops of Nigrosin. 
After mixing well, two smears are made and air dried and a 
coverslip is placed and sealed with a cytoseal mounting media. 
The slide is observed under 100x objective. Eosin stains only 
the dead sperm, turning them a dark pink, whereas live sperm 
appear white or faint pink (Figure 3.2). The normal range is 58% 
according to WHO guidelines [3]. For specimens with motility 
«256, viability should be 22596. 


FIGURE 3.2 Measurement of sperm vitality by the Nigrosin/Eosin test. 
Viable sperm appear white and nonviable sperm appear pink. 
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Sperm Morphology 


For some men and couples who are dealing with infertility, the 
issue does not always lie with the concentration, volume, and motil- 
ity of the sperm alone. Sperm morphology may also play a role in 
male infertility due to a high number of morphologically abnormal 
forms in their ejaculates. Staining of a patient's seminal smear using 
a rapid staining process, such as Diff-Quik, allows for the quantita- 
tive evaluation of normal and abnormal morphological forms in an 
ejaculate [17]. Most laboratories quantify morphology using WHO 
guidelines or the Kruger's strict criteria classification [3]. 

Kruger's classification strictly defines spermatozoa as normal 
only if they fall within the set parameters of shape. Any sper- 
matozoa that does not meet this criteria is considered abnormal. 
A spermatozoa is classified as normal only if it meets all of the 
following sperm parameter requirements: Sperm head must 
appear as a smooth oval with a well-defined acrosome that cov- 
ers 40%-70% of the sperm head with a normal length of 5-6 um 
and a width of 2.5-3.5 um. There should be no abnormalities in 
the neck, midpiece, and tail. The tail should be thinner than the 
midpiece (which should be less than 1 um in width and length), 
uncoiled and approximately 45 um. Finally, there cannot be 
any extraresidual cytoplasm greater than 20% of the area of the 
sperm head. The reference range according to the WHO strict 
criteria is >4% normal forms [3]. 

WHO criteria is considered to be less stringent when it comes 
to sperm morphology classification. Here abnormal spermato- 
zoa are classified into specific categories based on the specific 
head, tail, and midpiece abnormalities that may occur. Head and 
shape abnormalities are often classified as large, small, tapered, 
or double-headed [2]. Although pregnancy is achievable with 
poor morphology, the absence of acrosomes is a high predictor 
for failure during fertilization [18]. 


Sperm-Function Testing 
Fructose 


Fructose is produced in the male reproductive tract by the semi- 
nal vesicles and is released into the semen during ejaculation. 
Fructose is the energy source for sperm motility and is present 
in all semen specimens except for males with congenital bilat- 
eral absence of vas deferens or bilateral ejaculatory duct obstruc- 
tion. A qualitative fructose is usually performed on azoospermic 
specimens with a semen volume of less than 1.5 mL. 

Resorcinol is the reagent that is used to conduct a fructose test 
within the laboratory. A positive and a negative control is used 
when running the patient's sample. A positive test will show an 
orange-brown or orange-red color, a negative test will have no 
change in color. To perform the test 1 mL of resorcinol solution 
is added to a glass tube and 0.1 mL of semen sample is added. 
The sample is mixed gently. The negative control is prepared by 
adding 1 mL of resorcinol solution in a glass test tube, and semen 
sample is not added. In the positive control, 0.1 mL of semen of 
a previously tested patient who tested positive is added to 1 mL 
of resorcinol solution in a glass test tube [19]. All three tubes are 
placed in a beaker of water on a hot plate. Once the water starts to 
boil, the change in color is observed and documented. 
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Hypo-osmotic Swelling 


The hypo-osmotic swelling (HOS) test evaluates the functional 
integrity of the sperm membrane by evaluating the maintenance 
of equilibrium between the sperm cell and its environment. 
This test is an alternative to the Eosin/Nigrosin test and is used 
when samples are needed for therapeutic purposes as in assisted 
reproductive techniques such as intracytoplasmic sperm injec- 
tion. A functional membrane is required for a spermatozoa to 
fertilize an egg. The functional integrity can be demonstrated by 
allowing sperm to react in a hypo-osmotic medium. The HOS 
test presumes that only cells with intact membranes will swell in 
hypotonic solutions. 

The HOS solution is prepared by combining 100 mL of dis- 
tilled water with 0.735 g sodium citrate dihydrate with 1.351 g 
fructose [20]. Testing the spermatozoa in the semen collection, 
the technologist combines 0.1 mL well-mixed semen with 1 mL 
HOS solution. Gently mix the solution by drawing the sample 
in and out of the pipette. Incubate the HOS solution test at 37°C 
for 30—60 minutes. After incubation, 1 drop of the semen mix- 
ture is placed on a glass slide and a coverslip is placed on top. 
The slide is observed for tail swelling under 40x phase contrast 
objective (Figure 3.3) [20]. The WHO lower reference limit for 
membrane-intact spermatozoa is 58% [3]. 


Sperm Antibodies 


Anti-sperm antibodies (ASAs) are thought to coat the sperm sur- 
face and impair motility and the fertilization process. The sper- 
matozoa agglutinate and stick to one another by head to head, tail 
to tail, or head to tail. The antibodies may be present in seminal 
plasma secretions and reproductive tract secretions. 

ASAs belong to two immunoglobulin classes: IgG and IgA. 
IgG antibodies on the spermatozoa form agglutinates between 
the particles and the motile spermatozoa. When performing 
the Direct SpermMar Test, a 10 uL of fresh semen sample is 
placed on a glass slide and is mixed with 10 uL of IgG suspen- 
sion, and 10 uL of antiserum to IgG is added and mixed [21]. 
The antiserum binds to the IgG on the surface of the beads 
and on the surface of the sperm if it is present. A coverslip is 
placed on top, and the slide is placed in a humid chamber for 
3 minutes. The technologist observes the slide under a 40x 


| 


FIGURE 3.3  Hypo-osmotic swelling test showing spermatozoa with dif- 
ferent types of swelling. 
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wobjective and score 100 motile spermatozoa that are bound 
or free of the beads. The results are observed in duplicate and 
the percentage of bound spermatozoa is reported. In addition, 
the binding site of the bead on the motile spermatozoa (sperm 
head, tail, midpiece, or total sperm) is also recorded. 

IgA antibodies have a more critical relevance in male infer- 
tility than IgG. Patients who are presenting with IgA antibodies 
have a reduced chance of natural pregnancies [22,23]. IgA anti- 
bodies mainly have agglutinating properties and rarely occur 
without the presence of IgG antibodies. These antibodies are 
secreted by the accessory glands; seminal vesicles, prostate 
gland, and the bulbourethral glands. They are present on the 
spermatozoa and occasionally in the seminal plasma but are 
absent in the serum. When performing the Direct SpermMar 
Test for IgA a fresh semen sample or spermatozoa is isolated 
from the seminal plasma by one cycle of suspension, centrifu- 
gation, and resuspension in media. A 10-uL spermatozoa sus- 
pension is mixed with 10 uL of antihuman anti-IgA suspension 
and mixed [21]. A coverslip is placed on top, and the slide is 
placed in a humidified chamber for 3 minutes. The technolo- 
gist will observe the wet prep slide with a coverslip under 40x 
objective and read 100 motile sperm [21]. The bead-binding site 
on the spermatozoa (sperm head, tail, midpiece, or total sperm) 
is also recorded. 


Reactive Oxygen Species 


Free oxygen radicals such as superoxide anion (O, ), hydrogen 
peroxide (H,O), hypochlorite (OHCI), and hydroxyl radical 
(OH) are called ROS. Free radicals have a very short half-life 
and are continuously produced, mainly by white blood cells 
(WBC) or by granulocytes and abnormal sperm [24]. Excessive 
amounts of ROS impair sperm quality. ROS levels can be mea- 
sured with the chemiluminescence method using luminol as a 
probe. Luminol is extremely sensitive and reacts with a variety of 
ROS at neutral pH [25]. It can measure extracellular and intracel- 
lular ROS. The free radical combines with luminol to produce a 
light signal that is converted to an electrical signal (photon) by a 
luminometer. 
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ROS levels can be measured in a given sample by chemilumi- 
nescence assay using the luminometer and using luminol as the 
probe. The reagents used for global measurement of ROS are the 
stock luminol probe (100 mM), the working luminol (5 mM), and 
the dimethylsulfoxide (DMSO) solution. The test is light sensitive 
and performed under subdued light. A luminometer is attached to 
a computer (Figure 3.4). A total of 11 tubes are used, including 
3 blank tubes that contain only phosphate buffer saline (PBS), 3 
negative controls that contain PBS + luminol (working solution), 
2 tubes that have the patient sample and + luminol, and 3 positive 
controls that contain PBS + hydrogen peroxide (50 uL) + luminol 
(Figure 3.5). The tubes are loaded into the luminometer (Autolumat 
Plus LB 953, Berthold, Oak Ridge, TN) and a real-time plot of the 
ROS levels produced in each sample is visualized on the computer 
monitor and analyzed. The number of free radicals produced is 
measured as relative light units/sec/10° sperm [25,26]. 


Oxidation Reduction Potential 


Oxidation reduction potential or ORP is measured by the 
MiOXSYS System for detecting OS; this is a direct evaluation 
of the redox balance between ROS and antioxidants. This novel 
system is designed to monitor the amount of oxidative or reduc- 
tive stress present in semen samples. ORP is calculated using 
the Nernst equation: ORP = E?^-RT/nF In([Red]/[Ox]), where 
E? = standard reduction potential, R = universal gas constant, 
T = absolute temperature, n = number of moles of exchanged 
electrons, F = Faraday's constant, [Red] = concentration of 
reduced species, and [Ox] = concentration of oxidized species. 
The MiOXSYS System is simple and user friendly test that 
uses one sensor for each patient sample [27,28]. Each test sen- 
sor consists of three electrodes is inserted into a galvanostatic 
MiOXSYS analyzer (Figure 3.6a and b). The semen sample 
(30 uL) is loaded onto the sample port of the sensor and the sen- 
sor is gently inserted into the analyzer. Once the sample drop 
is loaded onto the port, the sample moves to the reference elec- 
trode and signals the analyzer to emit a low-voltage oxidizing 
current between the electrodes. The ORP value appears on the 
display unit and is expressed as millivolts. It is normalized by 


FIGURE 3.4 


Measurement of reactive oxygen species by chemiluminescence method using a luminometer. 
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FIGURE 3.5 Setup showing the preparation of blank, negative control, test sample, and positive control tubes. CASA, computer-assisted semen analyzer 


H5O,, hydrogen peroxide water; phosphate buffered saline (PBS). 
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FIGURE 3.6 Measurement of oxidation reduction potential (ORP) using (a) MiOXSYS analyzer and (b) sensor. 


the sperm concentration and expressed as millivolts/10° sperm/ 
mL of semen. Values greater than 1.37 millivolts/10° sperm/mL 
of semen are considered as abnormal and indicative of OS [27]. 


Total Antioxidant Capacity 


Antioxidants present in the seminal plasma provide a good indi- 
cation of the ability of the antioxidants to scavenge the excessive 
production of ROS and reduce OS in a given semen sample [29]. 


Seminal plasma TAC measurement can be done using the anti- 
oxidant assay kit and reagents (Cat #709001; Cayman Chemical, 
Ann Arbor, MI). 

The principle of the assay is based upon the ability of all anti- 
oxidants in the seminal plasma to inhibit the oxidation of the 
ABTS (2,20-Azino-di-[3-ethylbenzthiazoline sulphonate]) to 
ABTS* resulting in the change of the absorbance at 750 nm to 
a degree that is proportional to the concentration of the anti- 
oxidant in the sample [30]. The capacity of the antioxidants 
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present in the sample to prevent ABTS oxidation is compared 
with that of standard 6-hydroxy-2,5,7,8-tetramethylchroman- 
2-carboxylic acid (Trolox), a water-soluble tocopherol ana- 
logue. Ten microliters of metmyoglobin and 150 uL of 
chromogen are added to all standard and sample wells. 
The reaction is initiated by adding 40 uL of hydrogen perox- 
ide as quickly as possible. The plate is incubated for 5 minutes 
at room temperature on a horizontal shaker and absorbance 
monitored at 750 nm using a microplate reader. Results are 
reported as micromoles of Trolox equivalent. Values less than 
1,900 micromoles of TAC are considered as abnormal and fre- 
quently reported in men who are infertile and are indicative 
of OS [29]. 


Terminal Deoxynucleotidyl Transferase 
dUTP Nick End Labeling 


The terminal deoxynucleotidyl transferase dUTP nick end label- 
ing (TUNEL) assay is advantageous because it is a direct test that 
can measure “true” single- and double-stranded DNA fragmen- 
tation by directly incorporating modified nucleotides into the site 
of damage. 

The TUNEL test uses a template-independent DNA poly- 
merase called terminal deoxynucleotidyl transferase (TdT) that 
nonpreferentially adds deoxyribonucleotides to 3' hydroxyl (OH) 
single- and double-stranded DNA. Deoxyuridine triphosphate 
(dUTP) is the substrate that is added by the TdT enzyme to the 
free 3'-OH break-ends of DNA. The fluorescence is directly pro- 
portional to the number of strand breaks [31]. Two laser detectors 
are used: FL1 (488) with a standard 533/30 Band Pass (BP) that 
detects green fluorescence fluorescein isothiocynate (FITC) and 
FL2 with standard 585/40BP that detects red or propidium iodide 
(PD) fluorochrome. 

Semen samples are tested for sperm DNA fragmentation using 
an Apo-Direct kit (BD Pharmingen, CA, USA) with Accuri C6 
flow cytometer (BD Biosciences, MI, USA) [32]. Each sample 
is run along with negative and positive controls. Results are 
expressed as the percentage of sperm with DNA fragmentation 
(%DNA fragmentation) using the flow cytometer software. 
A minimum of 10,000 events are recorded. To perform this test, 
2.5 x 106 sperm are fixed in 3.7% paraformaldehyde solution. 
This is replaced by ice cold 70% ethanol. After removal of the 
ethanol and washing with the *Wash buffer," the samples are 
incubated with 50 uL of the staining solution for 1 hour at room 
temperature. A positive sample is prepared by incubating the 
sperm with 2% of hydrogen peroxide for 1 hour at 50°C. TdT 
is omitted from the negative control. At the end of incubation 
period, the excess stain is removed by washing with the “Rinse 
buffer" twice. The rinse solution is replaced by propidium 
iodide and the tubes are ready for measurement of SDF. 
The samples are run on a bench top flow cytometer (Figure 3.7) 
and the data is acquired in the “Collect mode.” The alignment 
strategy is adopted using the “virtual alignment strategy” as 
per the manufacturer's instructions. The final SDF is expressed 
as percentage of DNA fragmentation. A cut-off value of 16.796 
has been recently shown to have 91.6% specificity and positive 
predictive value of 91.4% [31]. 
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FIGURE 3.7 Measurement of sperm DNA fragmentation using a bench 
top flow cytometer. TUNEL, terminal deoxynucleotidyl transferase dUTP 
nick end labeling. 


oa 


Conclusion 


Conducting a routine semen analysis is the first step of labo- 
ratory evaluation of semen analysis. It is comprised of both 
macroscopic and microscopic tests conducted using the rec- 
ommendations set forth by WHO. In addition, advanced sperm 
tests comprised of ROS, TAC, SDF, and ORP can be included. 
These tests can provide additional information on the qual- 
ity of the semen to the clinician in the management of male 
infertility. 
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Ultrasound Imaging of the Infertile Male 


Amr Abdel Raheem, Giulio Garaffa, and Hatem EI-Azizi 


Introduction 


Infertility is estimated to affect up to 15% of couples, with a male 
factor present in 50% of cases either as a sole or contributing 
factor [1,2]. Thus, it can be estimated that infertility affects up 
to 7% of men [3]. 

Screening for male-factor infertility is done by a semen-analysis 
test. Men with identified male factor should be referred to an 
andrologist. Assessment of the infertile male involves history tak- 
ing and genital examination. Based on the semen-analysis results, 
some men may require male reproductive hormonal and genetic 
profiling. In addition to laboratory tests, imaging modalities may 
be helpful in establishing the underlying cause and assisting in 
treatment. 

This chapter sheds light on the role of ultrasound imaging in 
the infertile male. 


Imaging Modalities Used in Male Infertility 
Scrotal Ultrasonography and Color Doppler 


Indication: Although most scrotal pathologies are clinically 
palpable, it is in our view that scrotal ultrasonography should 
be performed in all cases of male-factor infertility because it is 
readily available, easy, noninvasive, not labor intensive, and will 
demonstrate intratesticular lesions that are not clinically palpable 
such as small intratesticular tumors. 

Technique: The patient lies in the supine position, holding the 
penis toward the abdomen with both legs closed. A high fre- 
quency linear probe (7-15 MHz) is used both in gray-scale and 
color-Doppler modes to assess the scrotal contents in the longitu- 
dinal and transverse planes [4]. 

The testes appear oval in shape with the following dimensions; 
length: 3-5 cm; width: 2-4 cm; and depth: 3 cm. Testicular volume 
is calculated by the equation length x width x height x 0.52 [5]. 


Normal findings: The testis normally has an intermedi- 
ate homogenous echogenicity with thin echogenic bands that 
represent the fibrous septa that divide the testis into lobules. 
The epididymis lies behind the posterior border of the testis and 
consists of head, body, and tail and is similar in echogenicity 
to the testis. The vas deferens appears as a straight dense cord 
with a hypoechoic lumen in the posteromedial aspect of the 
spermatic cord. The appendix testis and appendix epididymis 
can be seen in some patients and appear as small oval struc- 
tures of similar echogenicity to the testis. A thin echogenic 
band, the tunica albuginea, surrounds the testis. Normally there 
is a small physiological amount of fluid that appears anechoic 
between the tunica albuginea and surrounding tunica vaginalis. 
The mediastinum testis, which contains the testicular vessels 
and nerves, appears as a thin echogenic band on the postero- 
medial border of the testis. The rete testes can be seen in some 
patients and appears as a hypoechoic area behind the medi- 
astinum. The spermatic cord containing the vas deferens and 
testicular vessels can be seen above the testis and within the 
inguinal canal [6]. 


The Value of Scrotal Ultrasonography 
in the Infertile Male 


Scrotal ultrasonography will clearly show the scrotal contents 
and demonstrate the following aspects: 


* Testicular size: A testicular volume of 12-15 mL is 
considered normal [4]. Although low testicular volume 
is mainly associated with functional or nonobstructive 
causes of infertility, men with nonobstructive infertility 
may still have normal-sized testes, and racial variations 
in testicular size exist [7]. Several studies have dem- 
onstrated that low testicular volume is associated with 
poor semen parameters and elevated follicle-stimulating 
hormone (FSH) levels [8—10]. 
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Testicular echogenicity: In general, hyperechoic areas 
denote fibrosis and postinflammatory changes [11]. 
The ultrasonographic appearance of the testis post 
orchitis shows heterogenous echogenicity with hyper- 
echoic and hypoechoic areas, normal or reduced vascu- 
larity, and possible areas of calcification [4,12]. 


Testicular cancer presents with hypoechoic lesions 
with potentially increased vascularity [13]. Other 
causes of hypoechoic lesions include abscesses, hema- 
tomas, Leydig-cell hyperplasia, or intratesticular cysts, 
which can be simple cysts or epidermoid cysts. The lat- 
ter may resemble teratomas but are avascular [11]. 


The incidence of testicular cancer is 0.5%-1% in 
infertile men compared to an incidence of 0.001%-— 
0.01% in the general male population [14-16]. Further- 
more, patients with a testicular tumor may have impaired 
semen parameters [17]. This is primarily as a result 
of compression and replacement of the normal paren- 
chyma by the tumor and because both conditions may 
be part of testicular dysgenesis syndrome (TDS). TDS 
was hypothesized by Skakkebek et al. among the 
association between infertility, testis cancer, and unde- 
scended testes. The authors suggest that TDS arises 
from an interplay between genetic and environmental 
factors, which leads to early disruption of both Sertoli 
and Leydig cell functions. Disruption of Sertoli-cell 
functions predisposes to infertility, carcinoma in situ 
(CIS), and testis cancer, whereas disruption of Leydig- 
cell function causes hypogonadism in utero which 
predisposes to undescended testes and hypospadias. 
In the most severe form, as in men with 45 x 0/46,X Y 
karyotype, TDS presents with the three components in 
addition to hypospadias; however, TDS is a heterog- 
enous pathology, which means that different patterns 
and combinations exist depending on the extent of dis- 
ruption, with mild forms only presenting with a slight 
reduction in semen parameters that may be missed 
because those men may be fertile. Testis biopsy signs 
of TDS include undifferentiated tubules with immature 
Sertoli cells, microlithiasis, Sertoli-cell-only tubules, 
and CIS [18]. 

Germ cell tumors (Figures 4.1 and 4.2) account 
for the majority of testicular neoplasias (9596) and are 
divided into seminoma and nonseminomatous germ 
cell tumors (NSGCTs). Seminomas appear as homog- 
enous hypoechoic lesions with vascularity and have 
a good prognosis because of their high sensitivity to 
radiotherapy and chemotherapy [19]. NSGCTs have a 
poorer prognosis and are irregular, heterogenous cys- 
tic lesions with internal echogenic areas that represent 
hemorrhagic or infarcted areas. They may also show 
areas of calcification and, in some cases, may resemble 
acute orchitis with a significant increase in testicular 
blood flow. Non-germ cell tumors, such as Sertoli- and 
Leydig-cell tumors, are mostly benign and appear as a 
small well-defined hypoechoic lesion [6]. 
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FIGURE 4.1 Seminoma. Ultrasound image showing a seminoma (white 
arrow). The lesion is well defined, homogenous, and hypoechoic compared 
to the surrounding testicular tissue which is compressed. The lesion also 
shows increased vascularity compared to the normal surrounding tissue, 
which is compressed by the tumor. 


FIGURE 4.2 Nonseminomatous germ cell tumor. A nonseminomatous 
germ cell tumor (white arrow). The lesion is cystic, hypoechoic with echo- 
genic areas and increased vascularity. Histopathology showed the lesion to 
be a teratoma. 


Testicular microlithiasis (TML) (Figure 4.3) is 
defined by the presence of multiple 1- to 3-mm intra- 
testicular hyperechoic foci without acoustic shadowing. 
TML is typically a benign incidental finding that can 
be seen in 2.4% of infertile patients [20]. TML is found 
in a number of benign conditions, such as infertility, 
trauma, torsion, and orchitis and in 1.5%-5.6% of the 
general population [21]. 

However, TML can also be found in the setting of 
CIS and testicular neoplasia. In one study, TML was 
found in 39% of testicular biopsies with CIS versus 2% 
of biopsies without CIS [22]. This finding was supported 
by other studies; de Gouveia et al. found that in the 
presence of bilateral TML, the risk of CIS in infertile 
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FIGURE 4.3  Testicular microlithiasis. Multiple hyperechoic foci 1-3 mm 
without acoustic shadowing. 


men was up to 20% versus 0.5% in infertile men who 
do not have TML [23,24]. Ikinger et al. reported see- 
ing TML in up to 74% of men with testicular germ cell 
tumors [25]. Van Casteren et al. reviewed the different 
studies that looked into the association of TML with 
intratubular germ cell neoplasia (ITGCN) and esti- 
mated that the risk of developing germ cell neoplasia 
was increased in men with TML (13- to 21.6-fold) com- 
pared with men without TML [20]. This finding was 
supported in recent meta-analysis by Wang et al. [26]. 

Despite the association of TML with CIS and tes- 
ticular neoplasia, TML is not a premalignant condition 
and is the result of the accumulation of calcified con- 
cretions within the lumen of the seminiferous tubules 
due to high cell turn over and failure of Sertoli cells to 
phagocytose degenerated cells and debris. Therefore, 
TML may be part of the spectrum of TDS with infer- 
ülity at one end of the spectrum and ITGCN at the 
other end [20,27-29]. Furthermore, the density of the 
microlithiasis is not an indicator for the risk of cancer 
development [30]. 

The consensus is that men with TML and associated 
risk factors for malignancy, such as infertility, history 
of cryptorchidism, atrophy, bilateral TML, or a his- 
tory of contralateral testis tumor, should be evaluated 
with bilateral testis biopsy for early detection of CIS 
or surveillance ultrasounds. For men with TML in the 
absence of these risk factors, regular self-examination 
is sufficient [31,32]. 

Testicular vascularity (Figures 4.4, 4.5): Intratesticular 
vascularity is absent in cases of testicular torsion and 
infarction. Increased vascularity coupled with swelling 
of the testis, epididymis, and thickening of scrotal skin 
suggests acute epididymo-orchitis. Increased vascular- 
ity to a hypoechoic area is suggestive of carcinoma [12]. 
Epididymis and vas: Epididymal cysts appear as 
anechoic avascular lesions within the epididymal head 


and are considered a normal finding. They can be iden- 
tified in up to 25% of men [12]. However, in some cases, 
they may grow larger than the testis and cause scrotal 
pain. Distension of the epididymal head and body with 
the presence of tubular ectasia, sudden tapering, or the 
presence of scarring or nodules at the tail denotes epi- 
didymal blockage [33]. An epididymal head >12 mm 
and tail >6 mm are indicative of obstruction [34]. 
A dilatated hypoechoic proximal vas and epididymis 
indicates a more distal obstruction as in postvasectomy 
and ejaculatory-duct obstruction (EDO). Absence of 
the vas deferens, epididymal body, and tail in cases of 
vasal aplasia can be confirmed by ultrasound [35]. 
Varicocele (Figures 4.6—4.8): A varicocele is the abnor- 
mal dilatation of the pampiniform plexus veins. It occurs 
in 15% of the male population but is more common in 
infertile men, where it affects up to 40% [36]. 

Varicoceles occur primarily on the left (90%), likely 
secondary to the acute angle at which the left spermatic 
vein enters the left renal vein compared to the oblique 
entry of the right spermatic vein in the inferior vena 
cava [37]. 

Varicoceles impair fertility by several proposed 
mechanisms including hypoxia, hyperthermia, increased 
oxidative stress, and DNA fragmentation [38-41 ]. 

Clinically, a varicocele presents with visible tortu- 
ous veins (grade III), palpable dilated veins (grade II), 
or expansile impulse on Valsalva (grade I) [42]. 

The diagnosis of varicocele is made clinically and 
can be confirmed by ultrasound, particularly in cases 
when examination is difficult, such as obese men. 
Scrotal ultrasound and color Doppler offer an accurate 
diagnosis with a sensitivity of 97% and a specificity of 
94% [29,43]. 

Varicoceles appear on B mode as dilated hypoechoic 
tortuous tubular structures >2-3 mm in diameter above 
and behind the testis with positive or increased reflux 
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FIGURE 4.4 Acute orchitis. The right testis shows increased vascularity 
and heterogenous echogenicity compared to the left. 
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FIGURES 4.6-4.8 Varicocele. B mode ultrasound of the spermatic cord (transverse section) showing multiple hypoechoic dilated round structures that are 


the dilated veins. shows the same veins in longitudinal section and they appear as dilated tortuous hypoechoic vessels. 


positive reflux of blood during Valsalva maneuver. 


on Valsalva seen on color-Doppler mode [12]. Further 
grading can be made according to the degree of reflux; 
reflux with Valsalva, intermittent spontaneous reflux, 
and constant spontaneous reflux [35]. 


The role played by varicocele repair in male infertil- 
ity has been previously debated probably due to the fact 
that there was overtreatment and inclusion of men with 
subclinical varicoceles; however, there are now a few 
meta-analyses that favor treatment. 

A meta-analysis by Bazeem et al. showed that 
varicocele repair improves semen parameters, oxida- 
tive stress, and DNA fragmentation [44]. Furthermore 
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Kroese et al. conducted a Cochrane Review, and their 
results showed that repair of clinical varicocele in 
infertile men improves spontaneous pregnancy [45]. 
A recent meta-analysis showed that repair of clinical 
varicocele in men with nonobstructive azoospermia 
will lead to the appearance of motile sperm in the 
ejaculate in up to 4476 and in those men who remain 
azoospermic. There is also a 2.6-fold increase in the 
success of surgical sperm retrieval [46]. Varicocele 
repair also led to improvement of pregnancy rates and 
live birth rates in in vitro fertilization (IVF) and intra- 
cytoplasmic sperm injection (ICSI) procedures [47]. 


demonstrates 
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Subclinical varicoceles are not palpable clini- 
cally and are only diagnosed by ultrasound and color 
Doppler. Currently there is no evidence to support that 
there is any benefit in offering men with subclinical 
varicocele any treatment [48]. 


Other findings include hydrocele (Figure 4.9), which 
appears as an anechoic area around the testis. It is to be 
differentiated from a large epididymal cyst that would 
have a similar appearance but lies above the testis 
(Figures 4.10 and 4.11). Adult hydrocele is secondary to 
either an increase in the production of the tunica vagi- 
nalis fluid, which surrounds the testis, or a reduction in 
drainage. However, it may also be secondary to trauma, 
inflammation, or neoplasia [12]. 


Isolated areas of intratesticular calcification are 
nonspecific and may be a result of trauma, atro- 
phy, inflammation, infarction, chemotherapy, or 
radiotherapy [5,49,50]. 


Transrectal Ultrasonography (TRUS) 


Indication: TRUS will accurately show the anatomy of 
the distal genital tract; prostate, bladder neck, seminal 
vesicles, vasal ampullae, and ejaculatory ducts, which 
can aid in the diagnosis of EDO, chronic prostatove- 
siculitis, vasal aplasia, and retrograde ejaculation. It is 
relatively noninvasive when compared to vasography. 
TRUS is indicated in patients with repeated low semen 
volume [35,51-54]. Low semen volume «1-1.5 mL is 
suggestive of distal genital tract pathology because there 
is lack of the seminal vesicle secretions, which contrib- 
ute up to 80% of the ejaculate volume [55]. Patients with 
ejaculatory symptoms such as hematospermia and ejac- 
ulatory pain may also have distal genital tract pathology 
such as congenital cysts or ejaculatory stones [52,56,57]. 
Patients with normal semen volume and unexplained 
infertility may have partial or unilateral EDO [56,58]. 


FIGURE 4.9  Hydrocele. A simple hydrocele (white arrow) appears as a jet 
black homogenous hypoechoic fluid collection surrounding the testis. 
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FIGURES 4.10 and 4.11 Epididymal cyst. An epididymal cyst appears as 
a well-defined homogenous hypoechoic lesion (white arrows) related to the 
epididymal head and located above the testis, in some cases it can reach a 
large size (Figure 4.11) and may be clinically misdiagnosed as a hydrocele 
but an ultrasound will establish the accurate diagnosis. 


Technique: TRUS is performed with a biplanar high- 
resolution 5- to 9-MHz probe. Examination is carried 
out with a half-full bladder in the left lateral decubitus 
position with flexion of the hips. The prostate, ejacula- 
tory ducts, seminal vesicles, and vasa can be examined 
in the axial and sagittal planes [59]. 


Normal findings: The normal prostate is symmetric and 
ellipsoid with a thin echogenic capsule. It measures 
4 cm (transverse diameter) x 3 cm (antero-posterior 
diameter) X 4 cm (cephalo-caudal axis) with a volume 
of 20-25 mL [50,51]. 


The seminal vesicles (SVs) are paired elongated, saccular struc- 
tures, with a homogenous hypoechoic pattern, lying poste- 
rior to the bladder and above the prostate (bowtie appearance). 
They measure 1.9-4.1 cm in length and 0.4-1.4 cm in width. 
The ejaculatory ducts (EDs) appear in the sagittal plane as nar- 
row (0.6-2 mm lumen), tubular structures traversing the prostate 
from the SVs to the verumontanum on the right and left sides of 
the midline, respectively [50,59,60]. 

The vasal ampullae appear as oval, convoluted, tubular struc- 
tures medial to the SVs and above the prostate and are isoechoic 
to the SVs (Figure 4.12) [51]. 
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analysis as in cases with complete EDO. Patients with 
partial EDO may have normal to low ejaculate volume, 
normal or reduced sperm count, or abnormal sperm 
motility [56,58,67]. 

TRUS signs of EDO include (Figures 4.13-4.16); 
congenital and acquired prostatic cysts that are 
anechoic, well defined and, depending on their origin, 
can be either midline, paramedian, or lateral; dilated 
SVs (215 mm in transverse diameter), dilated ejacula- 
tory duct (22 mm), hyperechoic regions suggestive of 
calcifications along the course of the EDs, ED calculi 
that have hyperechoic appearance, and dilated vasal 
ampullae (>6 mm) [31,52,53,59,68]. 

e Vasal aplasia: TRUS may facilitate the clinical diag- 
nosis of vasal aplasia and delineate any anomalies with 
the associated SV and EDs. 


FIGURE 4.12 Normal seminal vesicle and vasal ampulla. Transurethral CBAVD occurs in approximately 176—276 of infer- 
ultrasound (TRUS) showing a normal seminal vesicle and vasal ampulla, tile men, in 476-1796 of azoospermic men, in 25% of 
which is seen passing medial to the seminal vesicle before joining the semi- men with obstructive azoospermia [53], and in 34.196 of 


nal vesicle duct to form the ejaculatory duct. patients with low-volume azoospermia [51]. 


The carrier frequency for cystic fibrosis (CF) is 1 in 
25 in the white population, with a disease prevalence of 
The Diagnostic Value of TRUS in the Infertile Male 0.84 per 10,000 [69,70]. 

Almost all male cystic fibrosis (CF) patients have 
CBAVD. Isolated CBAVD represents a mild form 
of cystic fibrosis. The cystic fibrosis transmembrane 
conductance regulator (CFTR) gene encodes the cys- 
tic fibrosis transmembrane conductance regulator 
(CFTR), which regulates sodium-chloride balance 
in epithelial secretions to regulate their viscosity and 
influences the development of wolffian duct struc- 
tures. Patients with CBAVD are compound heterozy- 
É i ) ] gotes for a severe mutation on one allele (such as the 
of one ejaculatory duct or bilateral incomplete physi- delta F508) in combination with a mild CFTR gene 
cal obstruction of both ejaculatory ducts; or functional: mutation on the other allele (such as the 5T allele). 


whereby there is no physical blockage, but there is ced CBAVD may also be associated with mild respiratory 
rologic dysfunction of the seminal vesicles leading to symptoms like chronic sinusitis and bronchitis as an 
abnormal contractility [62]. 


* EDO: EDO, either complete or partial, affects 5% of 
infertile men. Complete obstruction occurs in up to 1% 
and incomplete obstruction occurs in up to 4.4% of the 
infertile male population. EDO is a correctable cause of 
male infertility and treated with transurethral resection 
of the ejaculatory ducts (TURED) [53,59,61,62]. 


EDO can be complete: bilateral complete physi- 
cal obstruction of both ejaculatory ducts; partial/ 
incomplete: unilateral complete physical obstruction 


EDO can be congenital or acquired. Congenital 
causes include ED atresia or agenesis, congenital 
prostatic cysts, Müllerian duct, wolffian duct, and 
SV cysts. Acquired causes include acquired cysts, 
ED stones, chronic prostatevesiculitis, and iatrogenic 
trauma during urethral instrumentation or perineal 
surgery [52,62-65]. 

EDO may present with infertility, decreased force 
and volume of ejaculation, painful ejaculation, hema- 
tospermia, perineal or testicular pain, or it can be 
asymptomatic [52,56,57,66]. 

Patients with complete EDO will have a pathogno- 
monic semen profile showing; low semen volume, acidic 
pH, azoospermia, negative fructose, and the semen is 
liquefied upon ejaculation; the only other differential 
diagnosis for this semen profile is congenital bilat- 
eral absence of the vas deferens (CBAVD) [52,56,67]. FIGURE 4.13 Midline prostatic cyst. A transurethral ultrasound (TRUS) 
However, the diagnosis of partial or incomplete EDO showing a large well-defined hypoechoic lesion within the prostate (white 


is more complicated and requires a high degree of arrow). Such a cyst would be compressing both ejaculatory ducts leading to 
clinical suspicion. There is no pathognomonic semen complete ejaculatory duct obstruction (EDO). 
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FIGURES 4.14 and 4.15 Dilated ejaculatory ducts. Transurethral ultra- 
sound (TRUS) images in sagittal section showing dilated ejaculatory ducts 
(white arrows) as a result of a distal obstruction. 


intermediate form of the disease spectrum [71,72]. 
Almost 20% of vasal aplasia is not related to CFTR 
gene mutations but to other mutations that affect the 
development of the mesonephric duct and may be 
associated with renal anomalies [53]. 


Vasal aplasia may also be unilateral (congenital 
unilateral absence of vas deferens [CUAVD]), seg- 
mental, or complete. Vasal aplasia may be associated 
with absence or anomalies of the epididymis, SVs, 
and EDs because the genital tract beyond the head of 
the epididymis also develops from the wolffian duct. 
CUAVD is identified in 1% of men and is usually asso- 
ciated with ipsilateral agenesis of the SV. Many of the 
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FIGURE 4.16 Dilated seminal vesicles. 
(TRUS) image showing dilated seminal vesicles, indicating a distal obstruc- 
tion in the ejaculatory ducts (i.e., ejaculatory duct obstruction). 


A transurethral ultrasound 


patients with CUAVD are fertile because the contralat- 
eral side is usually not affected. However, in a subset 
of men with CUAVD, the contralateral SV, vasa, or ED 
are atretic, so those men may be infertile. CUAVD is 
typically associated with non CFTR gene mutations 
and renal anomalies are found in up to 8096 of cases. 
However, some cases of CAUVD are due to CFTR gene 
mutations [53,73]. 


* Chronic prostatovesiculitis: Infection of the male 
accessory sex glands may result in impaired secretory 
function and alteration of the composition of seminal 
plasma. The presence of leukocytes in the semen will 
also increase reactive oxygen species (ROS) levels and 
DNA fragmentation [74]. Prostatic infection is usually 
associated with infection of the SVs and may lead to 
obstruction of the EDs [74,75]. 


Chronic prostatovesiculitis manifests with heteroge- 
nicity and calcifications of the prostate and SVs [51,76]. 


TRUS-Guided Seminal Vesicle Aspiration, 
Seminal Vesiculography, and Chromotubation 


TRUS is a static test that demonstrates the dimensions of the 
distal genital tract, and although TRUS findings are sugges- 
tive of obstruction, the ducts may actually be patent. Dynamic 
tests can confirm TRUS findings based on the appearance of 
the dye in the urethra and bladder [52,59,77,78]. In one study, 
an actual mechanical blockage was only present in 4896 of 
patients with positive TRUS findings for EDO [77]. However, 
the diameter of contrast agents and dye particles used in these 
tests is smaller than sperm and could easily pass through the 
EDs in cases of partial EDO, giving a false-negative diagno- 
sis. This should be taken into consideration when interpreting 
the results of these tests [59]. Thus, dynamic tests may not be 
able to differentiate between partial EDO, functional EDO, 
and absence of any distal obstruction. Similarly, SV aspiration 
will show sperm in both functional and mechanical obstruc- 
tion and, thus, cannot be used to differentiate between the two 
conditions ( 17 ). 
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FIGURE 4.17 TRUS-guided seminal vesiculography. Transurethral ultra- 
sound (TRUS)-guided seminal vesiculography confirming ejaculatory duct 
obstruction (EDO) because there was absence of bladder opacification. 


* TRUS-guided SV aspiration: During ejaculation, sperm 
from the vas deferens pass through the EDs and drain 
bilaterally into the posterior urethra. Thus, sperm are 
not normally present within the SVs immediately 
after ejaculation. There is no anatomical sphincter at 
the junction of the vesicles and the vas deferens, and 
in cases of EDO, mechanical or functional, there may 
be sperm reflux whereby sperm can then be detected 
within the SVs [78,79]. 

Technique: SVs can be aspirated using a 20-cm 
20—22G Chiba needle under TRUS guidance. The pres- 
ence of more than three motile sperm per high-power 
field in the SV aspirate obtained post ejaculation 
indicates obstruction [78,79]. SV aspiration is recom- 
mended in the evaluation of partial EDO. Another 
advantage for this technique is that the retrieved sperm 
could be used in assisted-reproduction techniques [80]. 

* TRUS-guided seminal vesiculography 

Technique: Under TRUS guidance, a 22-G needle 
is introduced into the seminal vesicle. The position is 
confirmed with aspiration and then 5 mL of contrast 
medium, diluted 1:1 with normal saline, is injected in 
the SV. The patency of the ipsilateral ejaculatory duct 
may be confirmed by directly visualizing the contrast 
solution as it follows from the SV, and along the ED, 
from which it passes into the urethra and enters the 
bladder. In 5096 of cases, it provides a retrograde vaso- 
gram on the injected side as well. EDO can be defined 
as the absence of contrast medium within the prostatic 
urethra after injection [78,81]. 

* TRUS-guided seminal vesicle chromotubation 


Technique: This procedure is performed simulta- 
neously with cystoscopy, usually during TURED to 
confirm obstruction before resection and to confirm 
patency after the procedure. The technique is similar 
to TRUS-guided seminal vesiculography, but instead of 
contrast material, 5 mL of indigo carmine or methylene 
blue, diluted 1:5 with normal saline is injected into each 
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SV. Failure of cystoscopic visualization of the colored 
dye effluxion from the ED orifice in the verumonta- 
num, indicates obstruction of the ED on the injected 
side. During TURED, expression of the dye from the 
ED opening indicates adequate resection [75,76] 


Abdominal Ultrasound 


Secondary varicocele is a rare finding, secondary to abdominal 
pathology such as renal cell tumors infiltrating the renal vein, 
retroperitoneal tumors, and retroperitoneal fibrosis compress- 
ing the renal vein and portal hypertension because of abnormal 
venous communication. A secondary varicocele can be sus- 
pected from the sudden onset, large size of the varicocele, and 
the fact that it does not empty upon lying down. An abdominal 
ultrasound is indicated in this scenario to screen for an abdomi- 
nal pathology [82]. 

Vasal aplasia resulting from non-CFTR gene mutations may 
be associated with renal agenesis; the incidence of renal agenesis 
in patients with CBAVD, CUAVD is 20% and 79%, respectively. 
Also, 2096 of patients with unilateral seminal vesicle agenesis 
may have an absent kidney. Although 7596 of patients with uni- 
lateral seminal vesicle cysts may have an absent kidney, this is 
usually associated with an ectopic ureter draining in the seminal 
vesicle (51). 


Summary 


Scrotal ultrasound and TRUS are essential diagnostic tools that 
assist in the diagnosis and treatment of infertile men. It is our 
opinion that scrotal ultrasound be performed on all infertile 
patients, primarily to confirm normal echogenicity of the tes- 
ticular parenchyma and to rule out testicular cancer, which is 
more prevalent in the infertile-male population. TRUS should 
be reserved for select cases in which there is suspicion of distal 
genital tract obstruction or idiopathic infertility with impaired 
semen parameters to rule out partial obstruction. TRUS-guided 
techniques should be conducted to confirm a positive TRUS 
diagnosis of EDO before TURED. 
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Genetic Causes of Male Infertility 


Amr Abdel Raheem, Mohamed Wael Ragab, and Tarek M. A. Aly 


Introduction 


Infertility is defined as failure of a couple to achieve pregnancy 
within 12 months of unprotected regular sexual intercourse or within 
6 months if the female partner is >35 years old [1]. Male infertility 
affects 2.5%—12% of the male population [2]. A genetic cause under- 
lies 8%-—25% of severe male-factor infertility [3,4]. Furthermore, 
idiopathic male infertility that accounts for 30%—60% of causes of 
male infertility may have undiscovered genetic causes [3,5]. 


Classification of Genetic Causes 


Genetic causes are classified into gross microscopic chromo- 
somal numerical or structural aberrations, sub-microscopic 
Y-chromosome microdeletions, and specific gene mutations [4,5]. 
From a clinical point of view, genetic causes can impair fertility 
quantitatively (by affecting spermatogenesis), qualitatively (by 
impairing sperm functions), by causing hypogonadotropic hypogo- 
nadism, by causing absence of seminal ducts, or by causing recur- 
rent early abortion [4-6]. Numerical aberrations in infertile males 
can be caused by sex-chromosome aberrations, such as supranumer- 
ical X-chromosome(s) (Klinefelter syndrome) and supranumerical 
Y-chromosome (XY Y syndrome) or male XX syndrome; numerical 
autosomal aberrations, e.g., 21 trisomy (Down syndrome) may also 
be associated with male infertility. Structural aberrations (deletion, 
duplication, translocation, insertion, inversion, ring chromosome, 
and isochromosome) can also disturb the process of spermatogen- 
esis and eventually cause infertility (Table 5.1). 


TABLE 5.1 


Classification of Genetic Abnormalities in Male Infertility 


Chromosomal Aberrations: 
* Numerical 
* Structural 
Y-Chromosome Microdeletions 
Specific Genetic Mutations 
* Vasal aplasia 
* Congenital hypogonadotropic hypogonadism 
* Partial androgen insensitivity 
+ NOA with meiotic arrest (TEX11 gene) 
* Specific forms of teratozoospermia 
* Specific forms of asthenozoospermia 
* Infertility as a part of a genetic syndrome 
* Idiopathic male infertility 


Abbreviation: NOA, nonobstructive azoospermia. 


n—————————— 
The Prevalence of Genetic Factors 
in Male Infertility 


Genetic factors tend to be more prevalent in men with severe 
male-factor infertility. The prevalence seems to be inversely 
proportional to semen parameters. In a group of unselected 
infertile men, a genetic cause can be found in 4% of the cases, 
whereas in azoospermic men the prevalence rises to 20%. 
Thus, testing for genetic causes is indicated in men with sperm 
counts less than 10 million/mL or in certain conditions such as 
vasal aplasia and congenital hypogonadotropic hypogonadism 
(CHH) [7]. 

The prevalence of chromosomal aberrations in infertile men 
ranges around 376—896, and the prevalence in the general popula- 
tion is only 0.696 [3,5,8]. Submicroscopic aberrations, which can- 
not be detected by the conventional karyotyping involve mainly 
Y-chromosome microdeletions, which have a geographically 
variable prevalence of 2%-12% in men with severe male factor 
infertility and 1/4,000 of the general population [9,10]. A few 
specific single-gene mutations have been identified as causes for 
certain conditions such as CHH, globozoospermia, and vasal 
aplasia. 


Genetic Factors and Idiopathic Infertility 


Almost half of male infertility cases are idiopathic [11]. It is 
estimated that there are 2,000 genes on autosomes involved 
in spermatogenesis [12]. Mutations and polymorphisms of 
these genes, interacting with environmental factors, are the 
most likely cause of idiopathic infertility. However, because 
of the large number of genes involved and the different vari- 
ables involved in genetic infertility, establishing a genetic 
screening panel is a challenge for researchers [13]. Thus, it can 
be hypothesized that genetic factors account for most of the 
causes of male infertility, but research is yet to identify more 
candidate genes. 


Indications for Genetic Testing 


The European Academy of Andrology (EAA) and the American 
Urological Association (AUA) recommend karyotype analysis in 
infertile men with sperm concentration <5 million/mL. However, 
the European Association of Urology (EAU) considers <10 million/ 
mL as a cut-off for recommending karyotyping [14-16]. 
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In addition, men with a sperm count less than 5 million/mL 
should be tested for Y-chromosome microdeletions [14]. Testing 
for single-gene defects is indicated based on clinical suspicion as 
in cases of vasal aplasia, CHH, and globozoospermia [4]. 


Value of Genetic Testing 


Although currently there is no therapeutic treatment for genetic 
causes of male infertility, testing is still important to identify 
the etiology and to diagnose associated comorbidity (e.g., men 
with immotile cilia syndrome are predisposed to recurrent chest 
infections and some men with vasal aplasia may have unilateral 
renal agenesis). It is prognostic for the success of surgical sperm 
retrieval (e.g., men with azoospermia factor [AZF] a and AZF b 
Y-chromosome microdeletions are unlikely to have any sperm in 
the testes) and for the success of intracytoplasmic sperm injec- 
tion (ICSI) and to rule out possible genetic defects that can be 
transmitted to the offspring (e.g., men with chromosomal trans- 
locations, although with a normal phenotype as all the genetic 
material is present, the offspring may be unbalanced due to lack 
or excess of genetic material, which will cause congenital anom- 
alies. Also, patients with vasal aplasia due to the cystic fibrosis 
transmembrane conductance regulator (CFTR) gene mutations 
may produce an offspring with cystic fibrosis (CF) if the female 
partner is a carrier. Therefore, in all these cases preimplantation 
genetic diagnosis (PGD) is carried out to transfer only healthy 
embryos. 


Numerical Chromosomal Aberrations 
and Male Infertility 


Klinefelter syndrome (KS) is the most common genetic cause of 
male infertility with an estimated incidence of 0.2% of newborn 
males [17]. Around 80% of KS patients have the classical non- 
mosaic genotype (47, X XY), and the remaining 20% have mosaic 
cell lines [18]. Patients with KS present with small firm testes and 
azoospermia or severe oligozoospermia, with elevated gonado- 
tropins, low or borderline serum testosterone, elevated estradiol, 
and low testosterone-to-estradiol ratio [19]. Azoospermic KS 
may have a 5096 chance of successful sperm retrieval by con- 
ventional or microsurgical testicular sperm extraction (TESE); 
subsequent ICSI has a live-birth rate around 50% [20]. Several 
studies have reported a marked increase in sperm sex chro- 
mosomal and autosomal aneuploidy of men with KS [21,22]. 
However, the current data do not show a lower pregnancy rate 
nor a greater risk for genetic aberrations in offspring after TESE/ 
ICSI in men with nonmosaic KS in comparison with other men 
with nonobstructive azoospermia (NOA) [23-25]. 

46,XX male syndrome (de la Chapelle syndrome) is a rare syn- 
drome that occurs in 1/10,000—20,000 of newborn males [7]. In the 
majority of cases, this syndrome is caused by the translocation of 
the sex-determining region of the Y chromosome (SRY region, 
which plays a crucial role in differentiation of bipotential gonads 
into testes) to the X chromosome or an autosome. A minority 
of cases are SRY negative, which presumably had another cause 
of activation of the testicular differentiation cascade. Clinically, 
46XX men resemble KF men and present with small firm tes- 
tes, hypogonadism, and azoospermia. However, unlike KF, the 
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azoospermia in 46XX men is due to complete absence of genes 
located in AZF regions. Accordingly, these patients have no 
chance of successful testicular sperm retrieval [4]. 

47, XYY syndrome is characterized by the presence of an extra 
Y chromosome and is estimated to present in around 1/1,000 
newborn males. However, up to 85% of XY Y males are undi- 
agnosed [26]. The common presentations of XYY syndrome 
include macrocephaly, macro-orchidism, hypotonia, tall stat- 
ure, and autistic spectrum disorders [27]. Generally, men with 
XYY syndrome are fertile. There are divergent data on the link 
between XYY syndrome and increased sperm sex chromosome 
aneuploidy [28]. 


Structural Chromosomal Aberrations 
and Male Infertility 


Alterations in chromosomal structure occur in several forms, 
including deletion, duplication, translocation, insertion, inversion, 
ring chromosome, and isochromosome. These structural aber- 
rations affect spermatogenesis by impeding meiosis mainly by 
disturbing the segregation process, production of chromosomally 
unbalanced germ cells, and loss of genetic material that contains the 
genes necessary for spermatogenesis and embryo development [8]. 

The outcome of these rearrangements depends on the chromo- 
somes involved and the region of involvement (i.e., whether sex 
chromosomes or autosomes). For example, when the Y chromo- 
some is involved, loss of genes located in the AZF region results 
in azoospermia. The outcome depends also on the morphology 
of the chromosome after the rearrangement and recombination 
predisposition of the rearranged region [7]. Furthermore, these 
rearrangements can affect the magnitude of gene expression [8]. 

Y-chromosome structural aberrations are the second-most 
common aberrations detected by karyotyping after KS. Men 
with Y-chromosome structural aberrations may be fertile or 
infertile due to oligozoospermia or azoospermia [29]. Large 
Y-chromosome structural aberrations involving translocations 
between autosomes and the Y chromosome may result in vari- 
able phenotypes of disorders of sexual developments (DSD) with 
ambiguous genitalia and gonadal dysgenesis in the offspring [7]. 

Autosomal aberrations are the most common underlying 
genetic cause of moderate-to-severe oligozoospermia. These 
aberrations are 10-fold more common in men with oligozoosper- 
mia in comparison with men with a normal sperm count [4]. In a 
large prospective cohort of 1,737 men with severe male-factor 
infertility, Punab et al. observed an identifiable etiological factor 
in 40% of the patients. A genetic etiology was observed in 135 
patients and autosomal aberrations came third after numerical 
sex chromosome aberrations and Y-chromosome microdeletions 
(with a prevalence of 0.7% in the whole group of men with severe 
male-factor infertility). A structural chromosomal abnormality 
was observed in a total of 9 patients (0.896) out of 1,173 patients 
with moderate-to-severe oligozoospermia, but it was observed in 
only 2/388 (0.5%) of azoospermic patients and in 2/130 (1.5%) of 
patients with cryptozoospermia [3]. 

Translocations are the most commonly observed autosomal 
structural aberration in men with severe male-factor infertility [3]. 
Robertsonian translocations are common structural aberrations 
that occur in acrocentric chromosomes, namely 13, 14, 15, 21, 
and 22. The most common forms of Robertsonian translocations 
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are t(13q;14q) and t(14q:21q) [22,30]. Translocation occurs by 
fusion of a pair of long arms of these chromosomes at the level of 
centrosome, with subsequent loss of genetic material located on 
the short arms. Robertsonian translocations are estimated to be 
present in about 0.2% of azoospermia patients and in 1.5% of oli- 
gozoospermia patients [31]. Reciprocal translocations occur due 
to reciprocal transfer of genetic material that does not involve 
the centromeres and are estimated to be an underlying cause of 
deterioration of sperm count in 0.7% of men with severe oligo- 
zoospermia and azoospermia [32]. Men with a translocation will 
have a normal phenotype because all the genetic material is pres- 
ent; however, during spermatogenesis due to meiosis, the sperm 
produced may have intact, excess, or deficient genetic material 
(Figure 5.1). Abnormal sperm undergo apoptosis, which explains 
the oligozoospermia; however, if an abnormal sperm fertilizes 
the ovum, this may lead to an embryo with an unbalanced pheno- 
type. Both Robertsonian and reciprocal translocations are asso- 
ciated with a high rate of sperm aneuploidy [22]. Robertsonian 
translocations may predispose to uniparental disomy when chro- 
mosome 15 is involved, which may be associated with Prader— 
Willi and Angelman syndromes [13]. 

From a clinical point of view, structural chromosomal aberra- 
tions should be screened for in men presenting with moderate-to- 
severe oligozoospermia or azoospermia, history of recurrent ICSI 
failure, recurrent early miscarriage, and previous fathering of a 
child with mental or physical retardation with underlying abnor- 
mal karyotype [7]. Because of the possible transmission of these 
aberrations to the offspring, men with structural chromosomal 
aberrations should be offered PGD when they are subjected to 
assisted reproductive techniques before transferring embryos. 


2 chromosomes 
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FIGURE 5.1 A schematic representation of two chromosomes with a 
translocation and the possible outcomes following spermatogenesis; normal 
balanced sperm and abnormal unbalanced sperm with excess or deficient 
genetic material. 
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Y-Chromosome Microdeletions 


Three discrete regions on the long arm of the Y chromosome are 
vital for normal spermatogenesis. The loss or deletion of any of 
these regions can result in infertility as a result of severe oligo- 
spermia or azoospermia. This process is called Y-chromosomal 
azoospermia factor (AZF) microdeletion. As such, the presence of 
AZF deletions should be investigated in all patients suffering with 
severe oligo- or azoospermia. This investigation, which is usually 
performed by polymerase chain reaction (PCR) amplification of 
selected regions of the long arm of the Y chromosome, is fairly 
straightforward, rendering it one of the most commonly per- 
formed diagnostic tests in molecular genetics (Figure 5.2) [7,9]. 
Five main patterns of complete microdeletions have been iden- 
tified and designated as follows: AZFa, AZFb, AZFbc (which in 
turn has two different variants), and AZFc. The clinical manifes- 
tations of patients with AZF deletions include severely disturbed 
spermatogenesis with or without testicular endocrine dysfunc- 
tion. Histological findings differ according to the specific sub- 
type of microdeletions; for example, typically, AZFa deletions 
present with uniform germ cell aplasia (complete Sertoli-cell- 
only syndrome [SCOS]); AZFb or AZFbc deletions may present 
with SCOS or spermatogenic arrest. As for patients presenting 
with complete AZFc deletions, there are two main histological 
presentations: 50% will have severe oligozoospermia (mostly 
cryptozoospermia with very few sperm in the ejaculate), and 
the other 50% will have azoospermia with a varying histological 
presentation ranging from complete or focal SCOS to spermato- 
genic arrest or mixed atrophy with qualitatively intact but quanti- 
tatively severely reduced spermatogenesis (Table 5.2) [7,9]. 
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FIGURE 5.2 A schematic representation of the Y chromosome. The short 
arm Yp contains the SRY gene, and the long arm Yq contains the azoosper- 
mia factor (AZF) regions. 
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TABLE 5.2 


Clinical Findings in Different Y-Chromosome Microdeletions 


AZF a AZF b AZF e 
Semen Azoospermia Azoospermia Azoospermia/ 
oligospermia 
Histopathology SCO Spermatogenic Variable 
arrest 
SCO 
Micro-TESE sperm 0% 0% 50% 


retrieval rate 


Abbreviations: AZF, azoospermia factor; SCO, Sertoli cell only; TESE, 


testicular sperm extraction. 


Partial AZF Deletions 


In addition to the complete deletions described, the AZFc region 
may also be affected by smaller or partial deletions, removing 
only a portion of the region. These partial deletions have been 
extensively studied in patient populations from various parts 
of the world. It has been found that some of these partial dele- 
tions may be associated with infertility in specific ethnic groups 
(e.g., certain Y haplogroups in Japan and certain areas of China), 
whereas other types may not have a significantly negative impact 
on spermatogenesis [7,9]. 


Complex AZF Deletions 


Complex Y-chromosomal deletions can be attributed to struc- 
tural rearrangements and can be revealed via cytogenetic and 
molecular cytogenetic analyses or on classic AZF-deletion 
screening. Examples include deletion of the whole AZF region 
(i.e., including AZFa, b, and c). Complex AZF deletions may 
indicate an unbalanced translocation between the Y chromo- 
some and other chromosomes. As can be expected, such dele- 
tions have more significant implications than the classical AZF 
deletions [7,9]. 


A oa 


Specific Gene Mutations 
CFTR Gene 


CFTR gene testingis indicated in cases of vasal aplasia. Congenital 
bilateral absence of the vasa differentia (CBAVD) occurs in 
approximately 1%-2% of infertile men, in 4%-17% of azoosper- 
mic men, in 25% of men with obstructive azoospermia [32], and 
in 34.1% of patients with low-volume azoospermia [33]. 

The carrier frequency for cystic fibrosis is 1 in 25 in the white 
population, with a disease prevalence of 0.84 per 10,000 [34,35]. 

CF, an autosomal recessive disorder, is a severe condition 
characterized by thickening and increased viscosity of epithe- 
lial secretions leading to respiratory disease, including chronic 
cough, difficulty in breathing, recurrent lung infections, and 
bronchiectasis. In addition, patients may have malabsorption and 
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constipation because of obstruction of the pancreatic exocrine 
ducts by the thickened secretions. Almost all male CF patients 
have CBAVD [36,37]. 

Isolated CBAVD represents a mild form of CF. The CFTR 
gene is present on chromosome 7q31.2 and encodes CFTR, 
which regulates sodium-chloride balance in epithelial secre- 
tions to regulate their viscosity and influences the development 
of wolffian duct structures, epididymal body and tail, vasa def- 
erentia, seminal vesicles, and ejaculatory ducts. Patients with 
CF have a severe mutation in both alleles and, therefore, will 
have very low activity of the CFTR protein. As such, these 
patients manifest with the full-blown CF, including the respira- 
tory and gastrointestinal symptoms. Thus, the severity of the 
disease is determined by the CFTR protein availability and 
activity. Patients with less severe mutations will have a milder 
form of the disease as they will have higher activity of CFTR 
protein. In carriers, where only one allele is affected by a muta- 
tion, there is enough CFTR protein; therefore, they are asymp- 
tomatic [38]. To date, more than 2,000 CFTR mutations have 
been identified and recorded in the Cystic Fibrosis Mutation 
Database (CFMD) [4]. 

Patients with CBAVD are compound heterozygotes for a 
severe mutation on one allele (such as the delta F508) in combi- 
nation with a mild CFTR gene mutation on the other allele (such 
as the 5T variant) or homozygous for two mild mutations (even 
if the other mutation is not detected, it is assumed to be present 
but not identified because at least one CFTR gene mutation can 
be found in 78% of CBAVD patients). CBAVD may also be asso- 
ciated with mild respiratory symptoms like chronic sinusitis or 
bronchitis as an intermediate form of the disease spectrum [39] 
[40]. Almost 2096 of vasal aplasia is not related to CFTR gene 
mutations but to other mutations that affect the development of 
the mesonephric duct, and this type may be associated with renal 
anomalies [32]. 

According to the extent of the genital anomalies; vasal apla- 
sia may also be unilateral (congenital unilateral absence of the 
vasa differentia [CUAVD]), segmental, or complete. Because the 
genital ducts beyond the head of the epididymis develop from 
the wolffian duct, vasal aplasia may be associated with absence 
or anomalies of the epididymis, seminal vesicles, and ejaculatory 
ducts. CUAVD is present in 1% of cases and is usually associated 
with ipsilateral agenesis of the seminal vesicle, and because the 
contralateral side is not affected, those patients may be fertile, 
but in a subset of men with CUAVD, the contralateral seminal 
vesicle, vasa, or ejaculatory ducts are atretic so those men may 
be infertile. CUAVD is mostly related to non-CFTR gene muta- 
tions; therefore, renal anomalies are found in up to 80% of cases. 
However, some of the cases of CAUVD are due to CFTR gene 
mutations [32,41]. 

Diagnosis of vasal aplasia is mainly made by clinical 
examination. The vas is a firm tube in the posteromedial aspect 
of the spermatic cord; the findings can be confirmed by genital 
imaging, and scrotal and transrectal ultrasound (TRUS). Unless 
associated with functional factors for infertility, patients with 
vasal aplasia will have normal testicular size and normal follicle- 
stimulating hormone (FSH), luteinizing hormone (LH), and 
testosterone levels. 
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Most men with CBAVD have a pathognomonic semen anal- 
ysis, which shows low semen volume, azoospermia, acidic 
pH (<7), negative fructose, and the semen is liquified upon 
ejaculation. This characteristic picture is the result of lack of 
the secretions of the seminal vesicles, which contribute most 
of the semen volume, are alkaline, and contain the coagulating 
enzymes [42,43]. 

CFTR gene testing is done by checking against a panel 
of the most common mutations in a given population [44]. 
Because this is an autosomal recessive disease, whole- 
gene sequencing of CFTR is done when two mutations are 
not detected [45]. 

The AF508 (p. Phe508del) is the most common severe muta- 
tion encountered in Europe (50%-80% of cases) [46]. Although 
the most common mild mutation in cases of vasal aplasia is the 
5T variant in intron 8 [47]. 

Patients with CBAVD will require surgical sperm retrieval 
and ICSI, which is usually done via a percutaneous-epididymal 
sperm-extraction procedure (PESA) under a local anesthetic 
(those patients will have the epididymal head present because it 
is not a derivative of the wolffian duct). In cases in which the epi- 
didymal head is collapsed, a testicular sperm aspiration proce- 
dure (TESA) under a local anesthetic can be performed. Unless 
associated with a functional element for infertility, the success 
rate of sperm-retrieval procedures in men with vasal aplasia is 
100%. Men with unilateral vasal aplasia will not require a surgi- 
cal sperm-retrieval procedure and can have ICSI using ejacu- 
lated sperm. 

All men with vasal aplasia should have their female part- 
ners screened for mutations in the CFTR gene. If mutations are 
detected in both partners, the risk of offspring with CF is high and 
PGD is required. The severity of the CF will depend on the type 
of mutations that the couple have but is often difficult to predict 
precisely because of different penetrance patterns that vary from 
one individual to another [48]. 

Figure 5.3, adapted from Oates [41], illustrates the different 
possible outcomes for a male with CBAVD compound hetero- 
zygote (AF508/5T) and a carrier female partner (only one allele 
affected: 0/5T or 0/AF508). 


CB 
AF508 
AF508/ d 
Carrier Fema 
AF508/0 
AF508 AF508/AF508 AF508/5T 
_ Cystic fibrosis |CBAVD if male offspring 
0 0/AF508 0/5T 


| Asymptomatic carrier | Asymptomatic carrier 


FIGURE 5.3 An illustration of the possible outcomes for the offspring of 
a male with congenital bilateral absence of vas deferens (CBAVD) and a 
carrier female. 
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¡AAA | 
Adhesion G Protein-Coupled Receptor 
G2 (ADGRG2) Mutation 


Another target gene that has been identified in CFTR negative 
patients with CBAVD is the ADGRG2 gene, which is located 
on chromosome Xp22.13 and specifically expressed within the 
efferent ducts [49]. Thus, ADGRG2 screening is indicated in 
CFTR negative patients to counsel the couple on X-linked trans- 
mission of the disease [45]. 


Hypogonadotropic Hypogonadism 


CHH accounts for a small proportion of the causes of male infer- 
tility (126—296) [50,51]. 

Impairment of gonadotropin secretion may result from 
decreased gonadotropin-releasing hormone (GnRH) produc- 
tion, which leads to quantitative decrease in spermatogenesis. 
Hypogonadotropic hypogonadism can occur due to congenital 
or acquired causes. Monogenetic mutations account for around 
5096 of cases and contribute to CHH via several modes of 
inheritance, including monogenic autosomal or X-linked (dom- 
inant or recessive forms) and oligogenic [51]. Genetic muta- 
tions involving FGFR1, FGF8, and SOXIO disrupt embryonic 
development of GnRH neurons, whereas ANOSI (formally 
KALI) PROK2, PROK2R, and CHD7 impair migration of 
GnRH neurons from the olfactory placode to the hypothala- 
mus. Other mutations that are associated with GnRH neuron 
dysregulation involve TAC3, TACR3, KISS1, KISSIR, and 
OTUD4 genes. Additionally, mutations of GnRH1 gene and 
its receptor (GnRHR) manifest with CHH [52]. In addition to 
hypogonadism, certain phenotypic features may be associated 
with some of the genetic causes of CHH, including anosmia 
(Kallmann syndrome), cryptorchidism, micro-penis, cleft lip or 
palate, and renal agenesis [51]. 


E e — A)  .  V€ 
Autosomal Recessive Disorders Characterized 
by Abnormal Sperm Morphology 


Macrozoospermia is an autosomal recessive disorder char- 
acterized by sperm with large heads and multiple tails. 
It is reported in less than 1% of the infertile male pop- 
ulation and is often associated with oligoasthenozoo- 
spermia. The aurora Kinase C (AURKC) gene located 
on chromosome 19 encoding a serine/threonine-protein 
kinase component of the chromosomal passenger com- 
plex involved in chromosomal segregation and cytoki- 
nesis in cells undergoing meiosis has been identified 
as a cause [53]. Due to abnormal germ cell meiosis in 
patients with homozygous or compound heterozygous 
AURKC gene mutations, all spermatozoa will show 
polyploidy, so ICSI should not be offered in those 
cases because it will not be successful due to sperm 
polyploidy [54]. 
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Globozoospermia is an autosomal recessive disorder 
reported in 0.1% of the infertile male population and 
is characterized by sperm showing round heads devoid 
of acrosomes and, therefore, are unable to fertilize 
oocytes. The DPY19L2 gene is the most commonly 
encountered mutation accounting for globozoospermia. 
Although ICSI is an option for these patients, it has a 
lower success rate because of the lack of the acroso- 
mal enzymes necessary for oocyte activation and higher 
rates of sperm aneuploidy [55]. 

Absent sperm heads is a rare condition characterized by the 
presence of sperm tails in the ejaculate and a few sperm 
heads. SUN3 gene mutations are the most frequently 
reported mutation [56]. Although ICSI is possible using 
the sperm heads, the success rates are low [57]. 


eu 
Autosomal Recessive Disorders Characterized 
by Poor Sperm Motility 


The cytoskeleton of the sperm tail (Figure 5.4) is based on an 
axoneme consisting of a (9 + 2) microtubular arrangement, with 
nine doublets of tubules connected by nexin and arranged in a 
circle around a central doublet and are connected to it by radial 
spokes. The nine doublets have outer and inner dynein arms, 
which generate movement via activation of ATPase and pulling 
on the adjacent microtubule [58]. The axoneme is surrounded 
by a layer of outer dense fibers, which in turn is surrounded by a 
mitochondrial sheath and a plasma membrane [59]. The fibrous 
sheath surrounds the cytoskeleton of the sperm tail in the prin- 
cipal piece underneath the plasma membrane and consists of 
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FIGURE 5.4 A schematic representation of the sperm tail. 
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two longitudinal columns connected by semicircular beams. 
The fibrous sheath maintains the integrity of the axoneme and 
regulates the movement of the sperm tail [60]. 


Primary ciliary dyskinesia (Immotile cilia syndrome): 
Several disorders have been identified by electron 
microscopy in men with poor sperm motility due to 
defects in the cytoskeleton of sperm tails, includ- 
ing the absence of the outer or inner dynein arms, the 
radial spokes, or the central doublet. These anomalies 
not only affect sperm tails but also other ciliated cells in 
the respiratory epithelium, leading associated respira- 
tory tract disorders. These disorders have a prevalence 
of 1/20,000-1/60,000 [61,62]. Kartagnar syndrome 
accounts for almost half of the cases of primary ciliary 
dyskinesia and consists of a triad of immotile sperm, 
chronic sinusitis, bronchiectasis, and dextrocardia [63]. 

Under light microscopy, the sperm appears normal; 
however, there is no motility (which may be mistaken 
for necrozoospermia, but the formal diagnosis of the 
structural tail defects is made by electron microscopy). 
DNAII and DNAHS abnormalities are responsible for 
3096 of the cases; however, 26 other genes have also 
been identified [54]. ICSI is successful in cases of pri- 
mary ciliary dyskinesia, but partner screening is needed 
and PGD is needed if the female partner is a carrier [45]. 


Dysplasia of the fibrous sheath: A condition characterized 
by hypertrophy of the fibrous sheath in association with 
other axonemal defects [64]. Therefore, it is associated 
with primary ciliary dyskinesia in 20% of cases [65]. 
The AKAP proteins are abundant in the fibrous sheath 
and mutations in these genes have been identified as 
causes [66]. 

Multiple morphological anomalies of the sperm flagella 
(MMAF): These anomalies can be seen under light 
microscopy and include short, absent, coiled, and angu- 
lated tails [67]. DNAHI gene mutations account for up 
to 44% of the cases. The DNAHI gene encodes an inner 
dynein arm heavy chain protein; mutations in this gene 
lead to gross axonemal defects such as (9 + 0) where 
the central pair is missing causing significant sperm tail 
deformity [67—69]. Several studies have suggested that 
patients with dysplasia of the fibrous sheath and MMAF 
have higher rates of sperm aneuploidy and lower ICSI 
success rates [65,70,71]. However, one study found 
no difference in fertilization, pregnancy, and live-birth 
rates between MMAF and controls [72]. 

Mutations of the cation channel sperm (CATSPER) 
genes: These genes control Ca?+ entry through the 
cation channels, which initiates the sperm hyperac- 
tivation and capacitation required for fertilization 
of the oocyte [73]. Affected patients will not benefit 
from conventional in vitro fertilization (IVF) and will 
require ICSI. Screening of the female partner is advised 
because homozygous mutations may be associated with 
infertility and deafness [45]. 
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Androgen Receptor Gene Mutations 


Androgen insensitivity: The androgen receptor gene is 
located on the short arm of the X chromosome. Severe 
mutations will lead to complete androgen insensitivity 
(testicular feminization syndrome), which is character- 
ized by a 46XY karyotype and female phenotype with 
undescended testes. Moderate mutations lead to partial 
androgen insensitivity (Reifenstein syndrome), which 
is associated with various forms of ambiguous external 
genitalia and lack of virilization. Mild forms of the andro- 
gen receptor gene mutations are associated with infertil- 
ity, gynecomastia, and hypospadias [74]. Mild androgen 
insensitivity can be suspected in infertile men with ele- 
vated LH and testosterone levels due to the lack of nega- 
tive feedback of testosterone on the hypothalamus [75]. 
The androgen receptor gene also has a CAG-repeat in 
exon 1 that encodes a polyglutamine stretch in the andro- 
gen receptor protein. The longer the CAG repeats, the less 
the activity of the androgen receptor, which makes men 
with longer CAG repeats more likely to be infertile and 
hypogonadal despite normal testosterone levels [76,77]. 


TEXII gene mutations: The testis expressed 11 gene, 
which is located on the long arm of the X chromosome, 
is involved in meiotic division. Mutations in this gene 
are found in 1596 of azoospermic patients with sper- 
matocyte arrest [78,79]. 


Copy number variations of X chromosome genes: A few 
deletions and duplications of X chromosome genes have 
been identified as possible causes of impaired spermato- 
genesis. This includes CNV67, which involves MAGEA9 
gene copy deletions, and the DUPIA duplication, which 
leads to downregulation of the PPP2R3B gene [80,81]. 


Male Infertility as a Part of Genetic Syndromes 


A number of genetic syndromes are associated with male infertil- 
ity due to different effects on the hypothalamic-pituitary gonadal 
(HPG) axis. Examples include hemochromatosis, myotonic dys- 
trophy, ataxia-telangiectasia, Noonan syndrome, and LEOPARD 
syndrome [7]. 


Summary 


A genetic factor is responsible for up to 2596 of men with severe 
oligozoospermia and azoospermia. Numerical and structural 
karyotype abnormalities should be suspected in men with counts 
less than 5-10 million/mL. Y-chromosome microdeletions 
should be suspected in men with counts less than 5 million/mL. 
Screening for specific genetic mutations depends on the clinical 
picture as in cases of vasal aplasia, hypogonadism, and specific 
sperm disorders. In addition to the known genetic causes of male 
infertility outlined in this chapter; a genetic factor may well be 
the cause of the cases of idiopathic male infertility. 
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BMI and Male Fertility 


Vinaya Gogineni, Ahmad Majzoub, and Ashok Agarwal 


Introduction 
Definitions and Classifications 


Fluctuations in weight, both drastic weight gain and weight 
loss, have the potential to impact many biological mechanisms 
in the human body, including a male's ability to reproduce. 
Over the past few decades, data has shown an increase in obe- 
sity rates worldwide [1,2]. On the opposite end of the spectrum, 
individuals with body mass index (BMI) values that fall into 
the underweight category are also prone to having abnormal 
sperm concentrations [3,4]. Such extremes in males” weight are 
screened for with the BMI calculation. Though this method is 
not as accurate in determining an individual's overall health, it is 
used as a screening tool because it is an efficient and economic 
method that correlates well with the prediction of overall disease 
outcomes. BMI allows individuals to be characterized as under- 
weight (under 18 kg/m), normal (18.5-24.9 kg/m?), overweight 
(25.0-29.9 kg/m?), obese class I (30.0-34.9 kg/m?), and obese 
class II (235 kg/m?) [3,5,6]. 

Infertility is generally defined based on the failure of a cou- 
ple to become pregnant after 12 months of unprotected inter- 
course [7]. A meta-analysis on the challenges associated with 
diagnosis of male infertility noted a plethora of variables that 
still need to be taken into account to mitigate inconsistencies 
in epidemiological data on how weight influences male repro- 
ductive function [7]. Despite the lack of cohesive informa- 
tion, an overall decline in sperm count has been reported on 
a global scale over the past few decades [2,3,8]. Obesity, on 
the other hand, has been on the rise over the past few decades, 
its prevalence having tripled among men of reproductive 
age [9,10]. This increase has occurred simultaneously with the 
rise in reported male infertility [10]. According to a systematic 
review that encompassed 115,158 males, paternal obesity was 
correlated with a decrease in males' ability to reproduce, and 
individuals who were obese had a greater percentage of sperm 
abnormalities regarding DNA fragmentation, morphology, 
and mitochondrial membrane potential [11]. For individuals 
who fall below the normal BMI range, studies are sparse, but 
a decrease in sperm concentration has been seen in those with 
values that are significantly lower than the normal BMI range; 
the odds ratio of individuals having a reduced sperm count is 
1.15 for those underweight, 1.11 for overweight, and reaching 
up to 2.04 in morbidly obese men, as compared to men with 
normal BMI values [8,10]. 


Homeostatic Conditions 


To discern how BMI impacts the fertility status in males, it is essen- 
tial to understand the endocrinology of the reproductive tract under 
homeostatic conditions. The mechanisms at work in the reproduc- 
tive tract all depend upon signals from the hypothalamus. After the 
onset of puberty, the hypothalamus secretes gonadotropin-releasing 
hormone (GnRH) in a pulsatile fashion to stimulate spermiogen- 
esis [12,13]. GnRH acts as a signal, prompting the anterior pituitary 
gland to produce and release follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH) into the bloodstream. FSH and LH 
progress to the cells within the gonads and act on Sertoli cells and 
Leydig cells, respectively. These cells facilitate spermatogenesis and 
steroidogenesis (Figure 6.1) [13,14]. This cascade is known as the 
hypothalamic-pituitary-gonad (HPG) axis and operates as a feed- 
back loop. When homeostasis is not properly regulated, as in those 
who experience weight fluctuations, the feedback loop is disrupted. 
Specifically, underweight individuals exhibited signs of elevated 
but insignificant risk of abnormal sperm count, and overweight and 
obese men were evidenced to have significantly higher risk of oli- 
gozoospermia or azoospermia when compared to normal counter- 
parts [8]. Thus, variations in BMI have an impact on male fertility. 
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FIGURE 6.1 (a, b) This image highlights the effect on insulin and leptin 
that occurs in individuals who experience excessive weight gain. FSH, 
follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; LH, 
luteinizing hormone. 
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Effect of Obesity 


The crux of the reason for infertility in obese men lies in hor- 
monal dysregulation. As a result, when there is an issue of 
excess weight gain in an individual, hypogonadotropic hypogo- 
nadism is a possibility (Figure 6.2) [10,15-17]. Approximately 
4096 of those who are morbidly obese (BMI greater than 
30 kg/m?) present with decreased serum testosterone concen- 
trations that are reflective of male obesity-associated second- 
ary hypogonadism [10,18]. Similarly, when there is too steep 
of a weight deficit, males can begin to experience symptoms 
of hypoactive sexual desire, erectile dysfunction, and prema- 
ture ejaculation [19]. The stress and dysregulation of the endo- 
crine system in individuals with abnormal BMI values is well 
documented [20]. 


Endocrine Dysregulation 


1. Inhibin B: Systemically, obesity-associated mecha- 
nisms cause a negative feedback signal to be sent to 
the hypothalamus, resulting in a downstream effect 
at the testicular level [3,21,22]. Inhibin B is a gonadal 
hormone that is a sensitive marker of spermatogenesis, 
and lower serum levels of this hormone are indicative 
of abnormal sperm production [23,24]. Recent studies 
have shown that overweight and obese individu- 
als exhibit lower inhibin B levels, and this alteration 
results in reduced negative feedback to the hypotha- 
lamic axis [25,26]. Inhibin B functions to inhibit FSH 
production and release; such an effect may adversely 
affect Sertoli cell function and sperm production [4,26]. 


FIGURE 6.2 As indicated by the chart, obesity can arise via various mech- 
anisms, increasing the risk for erectile dysfunction and altered parameters 
that are characteristic of male infertility. (From Cabler, S. et al., Asian J 
Androl, 12, 480—489, 2010. With permission.) 
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2. Aromatase activity: In individuals with BMI values 


characteristic of overweight or obese men, a decrease 
in testosterone and an increase in estrogen has been 
observed [21,27]. This is due to aromatase, a cytochrome 
p450 enzyme that is found in the testes, brain, and 
adipose tissue; in obese individuals, aromatase levels are 
increased and catalyze the conversion of high amounts 
of testosterone to estradiol [21,27]. This prompts a 
negative feedback signal in which estradiol reduces the 
hypothalamic-pituitary secretion of gonadotropins, 
ultimately affecting spermatogenesis [27]. 


3. Adipose hormones: In addition to estrogen-associated 


testosterone dysfunction, hormones from the adipose 
and gut, leptin, and ghrelin, respectively, are also 
prevented from functioning regularly. Leptin, though 
originating from the Ob gene that is found in white 
adipose tissue, is a key hormone in regulating neuro- 
endocrine and reproductive function, and its impact 
on gonadal function occurs via two pathways: 
The direct mechanism occurs through the blood- 
testis barrier and the indirect path occurs in continu- 
ation with the central neuroendocrine system [20]. 
Numerous studies have indicated leptin as the most 
effective hormonal predictor of androgen func- 
tion and inhibit testosterone function in the Leydig 
cells [28]. Leptin is an adipokine that principally 
influences satiety. At optimal levels, leptin stimu- 
lates GnRH release; however, the excessive levels of 
leptin often seen in obese men may have the oppo- 
site effect on GnRH. Another theory that has been 
proposed was that obese men may develop leptin 
insensitivity [3,16,20,29,30]. Its levels positively 
correlate with BMI, which explains why obese indi- 
viduals are more insensitive to leptin's effects [28]. 
Results in a study on 122 obese individuals, who 
were grouped into normozoospermic fertile men 
(n = 42) and infertile men (n = 80) were analyzed 
for serum hormone levels, and the results indicated 
that both the BMI and serum leptin values were sig- 
nificantly higher in obese infertile individuals than 
in obese fertile men. Furthermore, serum leptin had 
a negative correlation with sperm concentration, 
motility, and serum testosterone [20]. Numerous 
studies have indicated leptin as the most effec- 
tive hormonal predictor of androgen function, and 
inhibit testosterone function in the Leydig cells [28]. 
Ghrelin's effect, in contrast to that of leptin, is local- 
ized to influencing the gonads. Ghrelin may regu- 
late spermatogenesis by an upregulation of apoptotic 
and proliferative pathways in germ cells [31]. It can 
reduce GnRH pulse frequency and directly act at 
the pituitary level, thus decreasing FSH and LH 
release [29]. Though produced in the stomach, it 
has receptors in the hypothalamus, pituitary, and 
testis. Because ghrelin plays a significant role in ste- 
roidogenesis, if there is an interference in ghrelin 
function, as seen in obesity, testosterone secretion 
will decrease [28]. 


BMI and Male Fertility 


4. Testosterone: There has been strong evidence for a 
negative relationship between testosterone and BMI 
in individuals spanning different populations, ages, 
and BMI compositions. Weight gain in men affects sex 
hormone-binding globulin and decreases testosterone; 
testosterone, along with FSH, plays a key role in sper- 
matogenesis, so an imbalance in the HPG axis, as seen 
in obesity, results in altered semen parameters [32]. 
This is supported by results deemed from research 
that was conducted on a large population of Danish 
men and showed that both high and low BMI values 
are correlated with reduced sperm quality, especially 
because hormones such as testosterone decreased in 
such circumstances [4]. 


Weight Distribution 


The distribution of body weight is also an important factor to 
consider with regard to spermatogenesis. Specifically, abdom- 
inal fat can be an effective indicator in assessing the risk of 
infertility, as evidenced by a study that showed that central 
adiposity, defined by a high waist circumference, negatively 
affects sperm concentration and total motile sperm count [33]. 
Adipose tissue functions by receiving hormonal signals from 
the central nervous system and secreting factors that influence 
glucocorticoid and sex steroid metabolism [34]. Because there 
is a stronger association between visceral adipose tissue (as 
opposed to subcutaneous adipose tissue) and metabolic disor- 
ders, it is important to note that men are more prone to having 
fat distribution in the abdominal region [34]. In addition, vis- 
ceral fat holds a large amount of insulin and androgen recep- 
tors; thus, obese individuals with a heavier concentration of 
abdominal fat are more insulin resistant than those who have 
a more varied fat distribution [28]. Low testosterone levels 
are shown to be correlated with insulin resistance and obesity, 
denoting an independent effect of insulin resistance on testos- 
terone production; as a result, insulin resistance can result in 
secondary hypogonadism [35]. 

Aside from the impact of fat deposition in the abdomen, the 
accumulation of fat in the scrotum leads to a rise in the tem- 
perature of the testis, and this, as well as a build-up of lipid- 
soluble endocrine-disrupting molecules in the testis, contributes 
to defective spermatogenesis [28,36—38]. This is because a lower 
temperature than that seen in homeostatic individuals is nec- 
essary for regular spermatogenesis to occur, and increased fat 
content is associated with a rise in scrotal temperature [39—43]. 
Scrotal adiposity also increases with weight gain, leading to ele- 
vated testicular heat and oxidative stress; these are both noted to 
suppress spermatogenesis and have detrimental effects on sperm 
concentration and motility, DNA integrity, and sperm-oocyte 
interaction [44,45]. 


Reactive Oxygen Species 


The deposition of excess visceral fat appears to be a better 
indicator (than body mass index) for the development of an 
abnormal metabolic profile [46]. Lipophilic environmental 
toxins accumulate throughout the body, with the epididymis 
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being one of the initial locations for lipid-related infertil- 
ity [28]. Adipokines that are released from the adipocytes 
of the adipose tissue contribute to the reduction of fertility 
potential [28]. Also associated with visceral fat deposition 
is an increase in oxidative stress, which is highly correlated 
with the sperm damage that is seen in obese individuals [33, 
47-49]. Reactive oxygen species (ROS) have been shown 
to stimulate undesirable changes in sperm membrane and 
nucleus, resulting in DNA damage [48—50]. A study done on 
81 men reflected changes in sperm oxidative stress with regard 
to BMI; results showed a positive correlation between the two 
variables; the caveat is that there was no association with a 
decline in sperm DNA integrity or motility. This introduces 
the notion that ROS generation in obese individuals may be 
negligible [28]. 


Dysregulation in Underweight Individuals 


Individuals can become categorized in the underweight cat- 
egory as a result of different causes. Just as excessive weight 
negatively impacts men's fertility, the other extreme also has 
detrimental effects. Extreme weight loss can occur as a result 
of various complications, ranging from disease association to 
energy deficits. 


Hyperthyroidism 


1. Hormonal imbalance: Hyperthyroidism is a disorder 
in which too much thyroid hormone is produced; it 
has an association with oligospermia, abnormal sperm 
morphology, and infertility in men, and it provides an 
example of how the hypothalamic-pituitary-thyroid 
axis influences the HPG axis [19]. An increase in tes- 
tosterone, seen in hyperthyroidism, prompts a negative 
feedback mechanism in which GnRH production and 
release is decreased, causing downstream effects on the 
HPG axis [14,51]. Research on the effect of hyperthy- 
roidism on semen quality is rather sparse, but out of the 
studies that were conducted, most of the data signified 
findings of abnormal seminal parameters, specifically 
sperm motility [52]. Furthermore, for reasons that are 
not entirely clear, hyperthyroidism has been associ- 
ated with erectile dysfunction and premature ejacula- 
tion, in addition to an increased amount of estrogen 
release [52—54]. 

2. Oxidative stress: Furthermore, there is speculation that 
hyperthyroidism affects fertility via oxidative stress; 
the enhanced mitochondrial respiration that is charac- 
teristic of the hyperthyroid state results in an increased 
amount of ROS, which induces a sensitive environment 
for the testis [52]. The damage that the oxidative stress 
inflicts on the sperm influences its capacitation and 
acrosomal reaction functions, causing a loss of sperm 
motility [52,55]. In accordance with this, a recent study 
on three males suffering from hyperthyroidism found 
the individuals to be oligospermic and have decreased 
sperm motility [56]. 
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3. Exercise induced hypogonadism: Rigorous exercise 
training has also been considered to play a role in second- 
ary hypogonadism, influencing otherwise normal semen 
profiles [57]. This is supported by literature that high- 
lights a prevalence of trials that connect extreme physi- 
cal activity to worsening seminal characteristics [58]. 
Specifically, hypogonadal states have been observed in 
training regimens that consist of running or cycling for 
more than 10 hours per week [59]. Such excessive endur- 
ance training in men gives rise to a reduction in total 
testosterone results, which alters GnRH activity and, by 
extension, the release of gonadotropins from the pitu- 
itary gland [57]. In a review done on the impact of physi- 
cal activity on male reproductive potential, it was found 
that exercise can exert beneficial or detrimental effects 
depending on certain parameters like intensity and 
volume [59]. Alterations in sperm density, motility, and 
morphology were seen in endurance runners as opposed 
to resistance athletes [59]. On the other hand, other stud- 
les reported either a negative or insignificant effect on 
sperm parameters as a result of overtraining [59-61]. 


In addition, a study that evaluated ROS in the seminal plasma of 
elite athletes and recreationally active men found that the latter 
group had significantly higher levels of body fat, total antioxidant 
capacity, and seminal superoxide dismutase as well as lower levels 
of seminal ROS and sperm DNA fragmentation [62]. This indicates 
that spermatozoa from elite athletes may be more susceptible to oxi- 
dative stress—induced DNA damage and as a result, infertility [62]. 


Treatment 


Treatment for obesity-associated infertility issues in males 
consists of weight loss via physical activity and diet modifica- 
tions, surgical procedures, or aromatase inhibiting medica- 
tions (Figure 6.3) [17,27]. Though there is a lack of data on the 


Treatment modalities 


Lifestyle 

changes 

* Diet 

* Exercise 

* Behavior therapy 


Surgical 

options 

* ART 

* Scrotal lipectomy 
* Bariatric surgery 


FIGURE 6.3 Depending on the etiology, obesity-induced infertility can 
be treated by focusing on lifestyle changes, pharmacological interventions, 
or surgical options. ART, assisted reproductive technique. (From Cabler, S. 
et al., Asian J Androl, 12, 480—489, 2010. With permission.) 
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long-term effect of treatment of obese infertile men, a marked 
improvement is seen in the short term with regard to spermato- 
genesis and hormone levels [10]. 


Overweight/Obese Individuals 


1. Diet and exercise: A male's diet may have an impact 
on his fertility because certain nutrients correlate with 
improved semen quality; as such, a natural regimen for 
weight loss consisting of a healthy balance of nutri- 
tious food coupled with an active lifestyle will result 
in rebalancing the hormonal dysregulation that stems 
from obesity [63—65]. 


2. Bariatric surgery: When compared to other treatment 
plans, bariatric surgery is associated with the greatest 
amount of weight loss and has shown improvement in 
total testosterone as well as a reduction in estradiol lev- 
els [28,66]. Certain cases show disputing data regarding 
the effect that the surgery procedures have on semen 
quality [28]. For example, one trial observed a small 
cohort of morbidly obese men who underwent gastric 
bypass; in addition to a reduction in BMI, these individu- 
als showed more normalized levels of total testosterone 
and FSH [67]. In an analysis done on individuals who 
turned to gastric bypass after experiencing secondary 
hypogonadism, semen analysis indicated that the indi- 
viduals became azoospermic after surgery with complete 
spermatogenic arrest though androgen levels were seem- 
ingly standard. The authors suggested that azoospermia 
may be caused by the nutritional deficiencies occurring 
after surgery [68]. Other studies reported worsened 
semen parameters that occurred anywhere between 3 
and 18 months after bariatric surgery with spermatogen- 
esis reverting to normal approximately 24 months later. 
Such outcomes were detrimental during assisted repro- 
duction attempts and highlighted the nutritional and 
electrolyte abnormalities associated with gastric bypass 
procedures [66,69,70]. However, in a prospective study 
done on the effect of bariatric surgery, patients' semen 
parameters exhibited signs of positive results after sur- 
gery; these results were not statistically significant and 
reflect a need to conduct more analyses on patients' 
semen analysis before and after treatment. A statisti- 
cally significant increase in the sperm concentration of 
obese individuals who were azoospermic or oligosper- 
mic before surgery was seen 12 months after operation. 
The reason such discrepancies exist is because previ- 
ously reported studies were predominately case series, 
which are not representative of overall trends [66]. 

3. Medication: Aside from surgical procedures, the reason 
aromatase inhibitors are thought to be effective treat- 
ment options is because of their enzymatic activity with 
regard to testosterone and estrogen levels. Aromatase 
inhibitors are used to treat infertile men who have 
abnormal testosterone-to-estrogen ratios [27]. In obese 
individuals, treatment with certain inhibitors, testolac- 
tone, letrozole, and anastrozole, yielded an increase in 
LH and overall testosterone with a decreased amount 
of estradiol. Though the study did not report on whether 
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or not there is a tie to infertility, the alterations in hor- 
monal levels indicate that there may be a correlation [22]. 
In another study that chose to evaluate fertility after the 
usage of testolactone, oligospermic obese men exhib- 
ited signs of improved sperm concentration, motility, 
and count; azoospermic men with low testosterone-to- 
estradiol levels, however, did not have such improve- 
ment [22]. Treatment of obese and infertile men with 
anastrozole yielded better improvement in serum estra- 
diol concentration as well as testosterone-to-estradiol 
ratios than other aromatase inhibitors [22,71,72]. 


Underweight Individuals 


1. Medication: Those who experience secondary hypo- 
gonadism from weight loss require different treat- 
ment methods. The type of medication used depends 
upon the etiology of the weight loss. For example, in 
individuals who have an overactive thyroid, as seen 
in hyperthyroidism, antithyroid medication, thyroid- 
ectomy, and radioactive iodine administration are all 
options for treatment [52]. Furthermore, antioxidants 
like melatonin and vitamin E were given to men with 
infertility and hyperthyroidism; this showed promising 
results for the improvement of sperm quality [52,73,74]. 
Radioiodine therapy is the first-line treatment for such 
conditions in male adults because surgery is a last 
resort and antithyroid drugs only work in the short 
term [19,75]. 

2. Diet and exercise: For men who undergo rigorous 
exercise regimens, hypothalamic dysfunction may 
be reversed by counteracting the negative energy bal- 
ance that has occurred due to the high energy demand 
to dietary energy intake ratio [63]. Reverting to a bet- 
ter balanced diet and more moderate exercise routine 
would be an ideal way to increase sperm motility and 
morphology while mitigating sperm DNA damage and 
ROS generation [63]. 


Conclusion 


Infertility has become an increasingly prevalent issue, and the 
male factor is thought to play a role in approximately 4095— 
50% of couples experiencing such difficulties [76]. This rise 
in infertility has occurred around the same time as the obesity 
epidemic, illustrating a possible correlation between the two fac- 
tors [2]. Though cases of extreme weight loss associated infer- 
tility are less documented, more studies have delved into the 
relation between BMI and male infertility to understand how 
weight fluctuations impact the hormonal regulatory system that 
drives spermatogenesis. In patients with elevated BMI, there is 
a reduction in androgen levels. At the level of the hypothalamus, 
GnRH release is dysregulated, resulting in varied LH and FSH 
pulses and interference with the release of sex hormones that are 
essential for sperm maturation. An elevation of estradiol levels 
occurs in adjunct to a decrease in testosterone [20]. In addition 
to the hormonal dysregulation, it was found to be of importance 
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to study the actual weight distribution of the body fat. This is 
because a concentration of adipose tissue in the abdominal area 
is associated with increased scrotal temperature and an influx 
of ROS-generating adipokines [5,46]. Endocrine abnormalities 
are seen in individuals who have BMI values below the nor- 
mal range; as a result, male infertility can arise from extreme 
weight loss that is caused from conditions such as hyperthyroid- 
ism or intense physical activity [19,54,63]. Treatment options 
for individuals who are overweight and obese are centered on 
weight loss with the intention that lowering the BMI will nor- 
malize the various hormones at play and reverse some of the 
effects on spermatogenesis. For those with BMI values that are 
too low, treatment varies depending on the etiology; for hyper- 
thyroidism, hormonal regulation occurs via administration of 
radioiodine, antithyroid medications, or thyroidectomies, and 
for secondary hypogonadism that arises from intense exercise, a 
proper diet and more moderate physical activity regimen is rec- 
ommended [52,54,63,75]. Although strides have been made over 
the past few decades in terms of the dissemination of information 
on BMI-associated male infertility, there is still a vast amount of 
opportunity for more information. 


Future Direction 


One of the gaps in knowledge regarding this topic stems from 
using BMI as the primary criteria for measuring and character- 
izing individuals into different categories. This is because BMI 
is inaccurate in distinguishing between body composition and 
body fat distribution [6]. A more suitable mode of categorization 
would be to use waist circumference in conjunction with BMI. 
Studies have already started doing this, but it needs to become 
the standard [6]. Sample sizes in research studies should be more 
indicative of the population, so that more conclusive evidence 
can be drawn from the data [6]; this will allow individuals to 
pinpoint causes of infertility in relation to weight fluctuations 
and will illustrate the benefits of certain treatment plans more 
precisely. 

In addition, there is a difference between the amount of recon- 
cilable information on male fertility as related to excessive BMI 
versus extremely low BMI. Though hormonal dysregulation as 
pertaining to high-intensity exercise has been studied, there is 
significantly less of an emphasis on the impact of high-intensity 
exercise on spermatogenesis; as a result, more investigations are 
necessary to determine how the hormonal and semen alterations 
impact male fertility. In addition, the studies that have been pub- 
lished were conducted at the turn of the century, so more research 
needs to be done to ensure that the information remains current 
and consistent [57]. 

With regard to the imbalance of hormones as seen in endur- 
ance and elite athletes, there may be certain confounding vari- 
ables that were not taken into account at the time of research; for 
example, the use and abuse of anabolic steroids may be common 
in some athletes, which would certainly influence testosterone 
production and function [59]. Another caveat is that elite athletes 
generally commit to their respective sports prior to puberty, so 
it is difficult to pinpoint a specific threshold at which training 
becomes harmful because those individuals have been training 
for so many years [59]. 
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Role of Sperm DNA Damage in Male Infertility Assessment 


Saradha Baskaran, Chak-Lam Cho, and Ashok Agarwal 


Introduction 


Infertility has evolved as a global health problem affecting 15% 
of couples worldwide, with male factor contributing to 50% of all 
infertility cases [1]. Though conventional semen analysis (SA) 
is the fundamental practice for assessing male fertility status, it 
is a poor predictor of reproductive outcome [2]. With expand- 
ing knowledge on sperm cell biology and extensive research on 
sperm-testing techniques, sperm DNA damage has been rec- 
ognized to play an imperative role in pathophysiology of male 
infertility [3]. Protamine bound to the sperm DNA enforces a 
compact state and ensures protection from damage during its 
transit through the female reproductive tract. The successful fer- 
tilization, healthy embryo development, implantation, and preg- 
nancy are highly dependent on the integrity of sperm DNA [4]. 
Evaluation of sperm genome integrity has important clinical 
implications because spermatozoa with damaged DNA may have 
adverse consequences on the progeny due to the paternal trans- 
mission of defective genome [5]. 

The sperm DNA fragmentation index (DFI) has been reported 
to influence the probability of pregnancy, either naturally or via 
assisted reproductive technology (ART) [6,7]. In particular, an 
increased incidence of sperm DNA fragmentation (SDF) in 
normozoospermic male partners of couples with unexplained 
recurrent pregnancy loss have been reported [8]. This indicates 
the inadequacy of the standard assessment in evaluating the 
male gamete, which raised special interest among reproductive 
specialists. The limitations of standard SA and the necessity 
to address idiopathic infertility paved the way for the clinical 
utility of SDF assessment. Routine application of SDF testing 
is generally not recommended by professional societies [9]. 
However, the significance of SDF testing has been acknowl- 
edged in the latest American Society for Reproductive Medicine 
(ASRM), American Urological Association (AUA), and 
European Association of Urology (EAU) guidelines on male 
infertility [10-11]. A recent clinical practice guidelines (CPG) 
published by the Society for Translational Medicine (STM) 
provides recommendations for SDF testing in various clinical 
scenarios [12]. 

This chapter reviews (a) the origin and factors contributing 
to sperm DNA damage; (b) methods used to analyze SDF; 
(c) clinical implications of SDF; (d) CPG recommendations 
for SDF; testing; and (e) strategies to ameliorate SDF. 


Origin of Sperm DNA Damage 


Sperm DNA damage can originate either during production or 
maturation (testicular sperm damage) or during transport of 
sperm cells in the male genital tract (post-testicular sperm dam- 
age) Abortive apoptosis and defective maturation are intrin- 
sic factors, whereas oxidative stress is thought to be the major 
extrinsic factor contributing to sperm DNA damage (Figure 7.1). 


Abortive Apoptosis: Malfunctioning 
of Testicular Apoptosis 


Spermatogenesis is a complex process involving proliferation, 
meiotic maturation, and subsequent differentiation of germ cells, 
resulting in the formation of male gamete. During testicular 
development, the Sertoli cells gradually increase in number. Later 
their proliferative capacity decline and results in a stable popu- 
lation of nondividing Sertoli cells, a phase that coincides with 
the appearance of primary spermatocytes [13]. Conversely, the 
germ cells continuously proliferate and differentiate to become 
mature spermatozoa. The number of spermatogenic cells that can 
be nurtured by the Sertoli cells are restricted. Maintenance of 
germ cell to Sertoli cell ratio through spermotogonial prolifera- 
tion and apoptosis is the key aspect of spermatogenesis. During 
various phases of spermatogenesis, a significant number of germ 
cells are lost due to overproduction, genetic abnormality, or acci- 
dental damage [14]. The Fas/FasL, which belongs to the tumor 
necrosis factor-nerve growth factor (TNF-NGF) receptor fam- 
ily, mediates apoptosis and plays a crucial role in maintaining a 
well-balanced germ cell population [15]. Induction of apoptosis 
occurs in about 50%-60% of all germ cells that enter meiosis I. 
These cells tagged with apoptotic markers (Fas) are phagocy- 
tosed and efficiently eliminated by the Sertoli cells [16]. A study 
conducted by Sakkas et al. demonstrated increased expression 
of Fas receptor in the spermatozoa of men with abnormal sperm 
parameters. This study led to the postulation of “abortive apop- 
tosis" that proposed the origin of DNA fragmented sperm to be 
germinal cells (Fas positive) whose apoptotic process in testis 
was incomplete [17]. Although this theory was supported by 
numerous studies [18,19], the correlation between SDF and the 
expression of apoptotic markers was not consistent [20], suggest- 
ing that abortive apoptosis alone cannot explicate the origin of 
DNA fragmentation in the ejaculated sperm. 
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FIGURE 7.1 
(Adapted from Cho, C.L., and Agarwal, A., Arab. J. Urol., 16, 21-34, 2018.) 


Defective Maturation during Spermiogenesis 


During spermiogenesis, the paternal genome undergoes precise 
packaging that imparts a unique architecture and compactness 
to the nucleus, which is crucial for fertilization and embryogene- 
sis [4]. McPherson and Longo [21,22] proposed the indispensable 
role of endogenous nuclease, topoisomerase II, in chromatin pack- 
ing. Itis primarily involved in creating and ligating nicks that facili- 
tates protamination. This drastic change in DNA topology provides 
relief of torsional stress and aids chromatin reorganization during 
the dislodgment of histones by protamines [4,21]. Topoisomerase 
II changes DNA topology by inducing double-strand break and 
its subsequent religation [23]. The unresolved strand breaks due 
to failure in the religation process by topoisomerase II can have 
adverse consequences on the genomic integrity of male gamete. 
Endogenous nicks in DNA are evident during the transition from 
round to elongated spermatids in the testis but not detected once 
the chromatin packing is complete [21,22]. Therefore, the pres- 
ence of endogenous strand breaks in ejaculated spermatozoa sig- 
nifies incomplete maturation during spermiogenesis. 


Oxidative Stress-Induced Sperm DNA Damage 


Several studies have demonstrated higher rates of SDF in 
the cauda epididymis or ejaculate when compared to tes- 
ticular sperm. This indicates the major role of post-testicular 
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damage in instigating sperm DNA impairment [24]. Based on 
extensive research, oxidative stress is considered to be the pri- 
mary cause for the post-testicular sperm DNA damage [24-26]. 
Oxidative stress results when the production of reactive oxygen 
species (ROS) exceeds the scavenging capacity of the antiox- 
idant defense system. ROS induces DNA damage directly or 
indirectly through the activation of sperm caspases and endonu- 
cleases. Following spermiation, the increased intrinsic produc- 
tion of ROS by immature spermatozoa that retains cytoplasmic 
droplets are the main cause of sperm DNA damage [27]. ROS 
targets the sperm DNA, resulting in base oxidation, strand 
breaks and chromatin cross links. High seminal levels of ROS 
in infertile men have been associated with SDF and poor chro- 
matin packing [28]. 


Factors Influencing Sperm DNA Damage 


Several etiological factors are known to induce oxidative stress 
and have been associated with an increased SDF or impaired 
chromatin integrity [26]. These include advanced paternal 
age, obesity, smoking, alcohol consumption, chemotherapy, 
genital tract infection, hyperthermia, and exposure to envi- 
ronmental toxicants [26]. Several studies indicating the impact 
of these variables on sperm DNA damage are summarized in 
Table 7.1 [29-38]. 
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Factors References Study Type/Subjects Method of SDF Detection Findings 
Age Moskovtsev et al. [35] Cohort study Flow cytometry (with The DFI was twice in males with age >45 
1,125 subjects acridine orange) when compared to those in the age group <30 
979 men between 30 and 
45 years, 57 men younger 
than 30 years and 89 men 
45 years or older. 
Johnson et al. [33] Meta-analysis of 90 studies — Age-dependent increase in sperm 
encompassing DNA fragmentation 
93,839 subjects 
BMI Fariello et al. [31] Transverse study Comet assay Higher BMI values were associated with 
305 men (82 eutrophic, 187 increased DNA fragmentation. 
overweight, 36 obese men) 
Dupont et al. [30] Cohort study TUNEL Higher rate of DNA fragmentation in obese men 
330 male partners of subfertile when compared with men having normal BMI 
couples from four centers 
Smoking Taha et al. [38] Cohort study Flow cytometry (with Significantly higher percentage of sperm 
160 healthy fertile men propidium iodide staining) DNA fragmentation in fertile smokers, which 
(80 smokers and was directly correlated with quantity and 
80 nonsmokers) duration of cigarette smoking 
Cui et al. [29] Cohort study Acridine orange staining Increased DNA fragmentation rates in smoking 
1128 (841 smokers and group when compared with nonsmoking group 
287 nonsmokers) male 
partners of infertile couples 
Chemotherapy/ Paoli et al. [36] Longitudinal study Sperm chromatin structure Chemo- and radiotherapy negatively affected 
Radiotherapy 254 testicular cancer subjects assay the sperm DNA integrity 
undergoing chemo- or 
radiotherapy 
Ghezzi et al. [32] Retrospective study Acridine orange test Chemotherapy altered sperm DNA integrity 
212 Subjects with testicular TUNEL assay 
germ cell tumor undergoing Flow-cytometric analysis 
chemotherapy 
Environmental Stronati et al. [37] Cohort study TUNEL assay Exposure to PCBs alters sperm DNA integrity 
toxicants 652 adult males: Greenland in European adult males 
(200), Sweden (166), Polish 
(134) and Ukrainian (152) 
Jurewicz et al. [34] Cohort study SCSA Significant association between urinary 
269 men attending infertility phthalate metabolites level and sperm 
clinic DNA damage 


Abbreviations: BMI, body mass index; DFI, DNA fragmentation index; PCB, polychlorinated biphenyls; SCSA, sperm chromatin structure assay; TUNEL, 
terminal deoxynucleotidyl transferase dUTP nick end labeling. 


Methods for Analyzing Sperm DNA Damage 


Evaluation of sperm DNA damage is an essential part of male- 
infertility assessment. The most commonly studied DNA dam- 
age are single- and double-strand breaks (DNA fragmentation). 
Several techniques have been devised to detect DNA defects. 
They include evaluation of strand breaks by incorporating 
probes directly to damage sites or measuring the susceptibility of 
DNA to denaturation (Figure 7.2). In this section, the SDF assays 
are categorized between those that evaluate sperm DNA integ- 
rity and those that detect abnormalities in sperm chromatin 
structure and packaging. Various methods for analyzing sperm 
DNA damage are summarized in Table 7.2. 


Tests to Evaluate Sperm DNA Integrity 
Acridine Orange (AO) Test 


AO, a metachromatic fluorochrome, binds to double-stranded (ds) 
or single-stranded (ss) DNA resulting in green or red fluorescence, 
respectively. Measurement of fluorescence at both these wave- 
lengths following denaturation is used to determine the percentage 
of fragmented DNA [39]. Sperm with immature nuclei readily dena- 
ture to sSDNA with acid treatment and subsequent staining with 
AO, results in red fluorescence. This metachromatic shift in fluores- 
cence is analyzed by fluorescence microscope with a 480—490 filter. 
The percentage of spermatozoa with red fluorescence indicates the 
percentage of sperm with abnormal DNA integrity in a sample. 
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FIGURE 7.2 Methods for Testing Sperm DNA Damage. (a) Acridine orange (AO) staining: Normal DNA fluoresces green; whereas denature DNA fluo- 
resces orange-red; (b) sperm chromatin structure assay (SCSA): flow cytometric version of AO staining; (c) terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL) assay: fluorescent activated cell sorting histogram showing percentage of sperm DNA fragmentation (SDF); (d) in situ nick 
translation (ISNT): fragmented and degraded spermatozoa with labeled DNA breaks showing green fluorescence; (e) DNA breakage detection-fluorescence 
in situ hybridization (DBD-FISH): sperm cell with damaged DNA showing intense FISH signal after DBD-FISH; (f) comet images showing various levels of 
DNA damage; (g) aniline blue (AB) staining showing sperm with fragmented DNA and normal sperm; (h) toulidine blue (TB) staining: normal sperm appear 
light blue and sperm with DNA fragmentation appear violet; (i) sperm chromatin dispersion (SCD) test: spermatozoa with different patterns of DNA dis- 
persion; large-sized halo; medium-sized halo; (j) chromomycin A3 (CMA3) staining: protamine deficient spermatozoa appear bright yellow; spermatozoa 
with normal protamine appear yellowish green. (All images [except d and e] adapted from Agarwal, A. et al., Transl. Androl. Urol., 5, 935-950, 2016; [d, e] 
adapted from Gosalvez, J. et al., Andrologia, 46, 602—609, 2014; Cortés-Gutiérrez, E.I. et al., The Comet assay, in A Clinician's Guide to Sperm DNA and 


Chromatin Damage, Zini A, Agarwal A, eds., Springer Nature, Switzerland, p. 119, 2018.). 


TABLE 7.2 


Methods for Analyzing Sperm DNA Damage 


Test 


Principle 


Type of Damage Detected 


Pros 


Cons 


Acridine Orange 
(AO) test 


Sperm Chromatin 
Structure Assay 
(SCSA) 


TUNEL assay 


In situ nick 
translation (ISNT) 


DNA breakage 
detection- 
fluorescence in situ 
hybridization 
(DBD-FISH) 


Comet assay 


Binding of AO to the ssDNA results 
in the metachromatic shift in 
fluorescence, which is analyzed 
by fluorescence microscope 

Flow cytometric version of AO 
test. measures the extent of acid 
denaturation of the sperm 
DNA using metachromatic 
properties of AO 

Quantifies enzymatic (terminal 
deoxynucleotidyl transferase; 
TdT) incorporation of fluorescent 
nucleotides at 3'OH groups of 
ssDNA or dsDNA breaks 

Quantifies enzymatic 
(DNA polymerase I) incorporation 
of fluorescent nucleotides at free 
3'OH ends or nicks 

Quantifies DNA breaks and 
alkali-labile sites within a single 
cell 


Unwinding the tightly packed 
sperm nucleus under neutral or 
alkaline condition and 
quantifying the electrophoretic 
migration of fragmented DNA 


Indirect assay; detects 
single- and double-strand 
DNA breaks 


Indirect assay; detects 
single- and double-strand 
DNA breaks 


Direct assay; detects 
single- and double-strand 
DNA breaks 


Direct assay; detects 
single-strand DNA breaks 


Indirect assay; detects 
single- and double-strand 
DNA breaks 


Direct assay; detects 
single- and double-strand 
DNA breaks 


Simple, inexpensive, rapid, 
and does not require skilled 
technicians 


Sensitive assay and well- 
standardized protocol with 
minimal interlaboratory 
variations. 


Simple, accurate, and reliable 
test with low interobserver 
and interlaboratory variations 


Simple, accurate, and reliable 
test with low interobserver 
variation 


Reliable technique and can be 
used to scan the whole- 
cellular DNA or 
specific DNA sequences of 
the sperm cell 


High sensitivity and 
specificity; requires only a 
small number of cells 


Interobserver variability and 
non-reproducibility due to 
rapid fading and 
heterogeneous staining 

Requires expensive 
instrumentation (flow 
cytometry) and skilled 
technicians 


When TUNEL coupled with 
flow cytometry, requires 
expensive instrumentation 
and skilled technicians 


Requires interlaboratory 
standardization 


Complex, expensive, and 
time consuming 


Interobserver variability; 
analysis of result requires 
specialized personnel 


(Continued) 
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Test Principle 


Type of Damage Detected 


Pros Cons 


Aniline blue (AB) 
staining 


The sperm with immature nuclei 
with loose chromatic packing 
displays increased susceptibility 
of the lysine-rich histones to AB 

TB shows high affinity for the 
phosphate residues in the sperm 
DNA and get intensely 
incorporated into loosely packed 
or damaged chromatin, which is 
visualized by light microscopy 


Toluidine Blue (TB) 
staining 
integrity 


Sperm chromatin acid-induced decondensation of 
dispersion (SCD) sperm DNA and characteristic halo 
test or chromatin dispersion visualized 
using bright field microscopy 

CMA3 competes with protamine for 
binding with DNA and the degree 
of staining reflects the extent of 
DNA protamination in spermatozoa 


integrity 


Chromomycin A3 
(CMA3) staining 
sperm DNA 


Indirect assay; detects 
sperm chromatin 
condensation defects 


Indirect assay; evaluates 
the sperm chromatin 


Indirect assay; evaluates 
the sperm chromatin 


Indirect assay; measures 
the protamination state of 


Simple, rapid, and inexpensive 
as it does not require special 
instruments 


Heterogeneous slide staining, 
interlaboratory as well as 
interobserver variation and 
lacks reproducibility 

Simple, rapid, and inexpensive Intermediate coloration 
increases the interobserver 
variability and lacks 
reproducibility 


Simple and inexpensive Interobserver variability 


Simple and inexpensive Interlaboratory and 
interobserver variation and 


lack reproducibility 


The cut-off value for this assay varies from 20% to 50% to dif- 
ferentiate among fertile and infertile men [6,40]. It is a simple, 
inexpensive, and rapid assay to assess DNA integrity. Also, it does 
not require flow cytometry or trained technicians to interpret the 
microscopic examination of the slides. However, the major impedi- 
ments are interobserver variability and non-reproducibility due to 
rapid fading and heterogeneous staining. 


Sperm Chromatin Structure Assay (SCSA) 


SCSA is a flow cytometric version of AO staining and is based 
on the principle that sperm with abnormal chromatin structure is 
more susceptible to acid or heat denaturation [6]. SCSA measures 
the extent of acid denaturation of sperm DNA using metachro- 
matic properties of AO. The metachromatic shift from green to red 
fluorescence is measured using flow cytometry, and the percent- 
age of spermatozoa with red fluorescence (red/red 4- green fluo- 
rescence) is expressed as DFI. The clinical cut-off value for DFI is 
30%, which implies samples containing up to 30% of sperm with 
damaged DNA are considered to be normal. It is a sensitive assay 
and has been reported as an excellent tool to detect dose-response 
relationship in men exposed to environmental toxicants [41]. 
SCSA can evaluate a large number of cells (10,000 cells) rapidly 
and has a well standardized protocol, thus minimizing interlabo- 
ratory variations. The major drawbacks include expensive instru- 
mentation (flow cytometry) and skilled technicians. 


Terminal Deoxynucleotidyl Transferase dUTP 
Nick End Labeling (TUNEL) 


TUNEL assay quantifies free DNA 3'-OH ends or nicks in the 
spermatozoa using fluorescent nucleotides [42]. Terminal deoxy- 
nucleotidyl transferase (TdT) incorporates fluorescent dUTP into 
3'-OH groups of ssDNA or dsDNA breaks, which are quantified 
by fluorescence microscopy or flow cytometry. In the slide-based 
method, the sperm are categorized as TUNEL positive or nega- 
tive, and results are expressed as percentage of total sperm in 


the population. In flow cytometry, the fluorescent signals are 
measured, which increases proportionally with the number of 
DNA strand breaks. The TUNEL assay is a simple, accurate, 
and reliable test for assessing DNA damage with low interob- 
server variation [43]. It measures both ss and dsDNA breaks. 
Recent study indicates that TUNEL coupled with flow cytometry 
increases the reproducibility and reliability of the test results and 
a cut-off value of 16.8% to discriminate among infertile and fertile 
men has been reported [44]. In addition, comparison of the data 
from identical semen samples across two reference laboratories 
(Basel, Switzerland, and Ohio, United States) revealed TUNEL 
as a robust test for measuring SDF in a multicenter setting [45]. 


In Situ Nick Translation (ISNT) 


ISNT assay is similar to TUNEL assay and quantifies the incor- 
poration of dUTP into free 3'-OH ends or nicks. However, ISNT 
assay identifies only ssDNA breaks in a reaction catalyzed by 
template-dependent enzyme, DNA polymerase I [46]. The test is 
simple but lacks sensitivity. 


DNA Breakage Detection-Fluorescence In Situ 
Hybridization (DBD-FISH) 


The DBD-FISH quantifies DNA breaks and alkali-labile sites 
within a single cell [47,48]. In this technique, sperm cells are sub- 
jected to DNA denaturation and lysis to convert the DNA breaks 
into ssDNA and to remove membranes and proteins. The ssDNA is 
subsequently targeted for hybridization with fluorescent-labeled 
DNA probes. With a larger number of DNA breaks, the denatur- 
ation yields increased ssDNA, which hybridizes with DNA probes. 
The resulting intense FISH signal are captured and quantified 
using a digital image analysis system [49]. The main advantage 
of this technique is that it can be used to scan the whole-cellular 
DNA or specific DNA sequences of the sperm cells. The DBD- 
FISH is a reliable technique for determination of DNA breaks but 
the procedure is complex, expensive, and time consuming. 
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Comet or Single-Cell Gel 
Electrophoresis (SCGE) Assay 


The Comet assay measures the amount of DNA damage per 
spermatozoon [50]. The steps involved are embedding cells in 
agarose, lysis under neutral or alkaline conditions, subjecting the 
lysed cells to electrophoresis, DNA staining, and microscopic image 
analysis. The principle underlying the assay involves unwinding the 
tightly packed sperm nucleus and subjecting the spermatozoon to 
electrophoresis thatenables the detection ofthe amount of fragmented 
DNA that migrates away from the sperm head. The damaged cell 
resembles a comet with the fragmented DNA in the comet's tail 
and the intact DNA in the head. The staining intensity and length 
of the comet's tail indicate the degree of SDF. In contrast to other 
DNA fragmentation assays, Comet assay provides qualitative and 
quantitative insight into DNA damage on a single cell, instead of 
providing a proportion of DNA-damaged cells [51]. Comet detects 
ss and ds breaks, as well as abasic sites. It has higher sensitivity and 
specificity than other DNA fragmentation tests (SCD, TUNEL, and 
SCSA). In addition, it requires only a small number of cells for the 
evaluation of DNA fragmentation; thus, it can be employed in cases 
of severe oligozoospermia [52]. 


Tests to Detect Sperm Chromatin Packing Defects 
Aniline Blue (AB) Staining 


AB staining is used for evaluating sperm chromatin-condensation 
defects. Sperm with immature nuclei displays residual histone, 
which results in loose chromatin packing. This increases the 
susceptibility of lysine-rich histones to the acidic dye, AB, 
which stains immature sperm blue [53]. Conversely, the mature 
sperm with protamine-rich nuclei are tightly packed and remain 
unstained with AB. It is a simple cytochemical assay that is 
sensitive and inexpensive because it does not require special 
instruments for analysis. However, the major drawbacks are 
heterogeneous slide staining, interlaboratory as well as interob- 
server variation, and lack of reproducibility. 


Toluidine Blue (TB) Staining 


This microscopy assay evaluates the sperm chromatin integrity 
based on the affinity of the basic dye, TB, for the phosphate 
residues in sperm DNA. TB intensely incorporates into loosely 
packed or damaged chromatin resulting in violet coloration, 
which is visualized by light microscopy [54]. On the other hand, 
the heads of the spermatozoa with high chromatin integrity are 
stained blue. Although the test is simple, rapid, and results are 
comparable with other SDF techniques, intermediate coloration 
increases the interobserver variability and lacks reproducibility. 


Sperm Chromatin Dispersion (SCD) 


The SCD test, also known as Halosperm test, is based on acid- 
induced decondensation of sperm DNA, which is directly propor- 
tional to the extent of SDF [55]. In this technique, the sperm cells 
are embedded in agarose gel and subjected to acid denaturation 
of DNA, followed by washing with lysis buffer to remove sperm 
membranes and proteins. Removal of nuclear proteins results in 
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nucleoid with a central core and a peripheral halo of dispersed 
DNA loops. The sperm with nonfragmented DNA show charac- 
teristic halo or chromatin dispersion due to relaxed DNA loops, 
which can be visualized using bright field microscopy or fluo- 
rescence microscopy with Wright stain or DNA-specific fluo- 
rochrome, respectively. Conversely, the sperm with fragmented 
DNA produce very small or no halos. Though SCD is simple and 
inexpensive, the major deficit is interobserver variability. 


Chormomycin A3 (CMA3) Staining 


CMA3 staining is a fluorometric staining technique that 
indirectly measures the amount of protamine present in sperm 
DNA [56]. CMA3, a GC-rich sequence specific fluorochrome, 
competes with protamine for binding with DNA and the 
degree of staining reflects the extent of DNA protamination in 
spermatozoa. The light-yellow staining of spermatozoa with 
CMA3 indicates high DNA protamination, whereas bright 
yellow staining indicates low DNA protamination and poor 
sperm chromatin packing. The threshold value of 30% has been 
determined by CMA3 assay and DNA damage greater than 
the cut-off value has been reported to lower the fertilization 
rate significantly in ICSI [57]. The results of CMA3 assay are 
comparable with other SDF assays, while the interobserver 
variability is its major shortfall. 


Clinical Implications of DNA Damage 
Varicocele 


Varicocele is an abnormal tortuosity and dilatation of veins within 
the pampiniform plexus. It is one of the leading surgically correct- 
able causes of male infertility accounting for 35% of the surgical 
volume [58]. Increased ROS generation in response to elevated 
scrotal temperature, reflux of blood from the spermatic vein, and 
testicular hypoxia has been postulated as primary factors contribut- 
ing to the pathophysiology of varicocele-associated infertility [59]. 

Various clinical study results and meta-analysis reports 
substantially validate the strong association between varico- 
cele and sperm DNA damage [60-63]. A meta-analysis on 
16 case-control studies that assessed the sperm DNA damage 
in fertile and infertile men with and without clinical varico- 
cele indicated a strong association between varicocele and 
SDF [63]. Four out of nine case-control studies that compared 
infertile men with and without clinical varicocele revealed a 
higher rate of sperm DNA damage in the infertile cohort with 
varicocele than their infertile counterparts without varicocele. 
In general, subjects in the varicocele group had poorer semen 
parameters when compared to patients without varicocele. Six 
out of the seven remaining studies that included fertile men 
with varicocele, revealed a higher level of SDF in men with 
varicocele (with no history of infertility) than controls (fertile 
men without varicocele). In two of the case-control studies, 
presence of varicocele was associated with high levels of 
8-hydroxy-2-deoxyguanosine, an indicator of oxidative sperm 
DNA damage, suggesting the involvement of oxidative stress in 
mediating the sperm DNA damage [63]. Another meta-analysis 
involving seven studies reported that sperm DNA damage in 
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varicocele-associated patients was significantly higher. SDF in 
patients with varicocele was higher than controls with a mean 
difference of 9.84% (95% CI 9.19 to 10.49; p < 0.00001) [62]. 
An increasing number of reports on the beneficial effect of 
varicocelectomy on sperm DNA damage further validate the 
deleterious effects of varicocele on sperm DNA integrity [64]. 
In addition, varicocele repair has been reported to show sig- 
nificant improvements in semen parameters and pregnancy 
rates [59,65]. In a prospective study involving 42 subfertile sub- 
jects with left varicocele and 10 healthy donors with proven 
fertility, sperm protamine-1/2 mRNA ratio and DFI were ana- 
lyzed before and after surgery [65]. Significant reduction in 
protamine-1/2 mRNA ratio and DFI were reported in 23.8196 
men after varicocelectomy, and their female partners con- 
ceived naturally 6 months after surgery. Another prospective 
study involving 60 infertile men with clinical varicocele (left: 
35 patients; bilateral: 25 patients) and abnormal semen param- 
eters were subjected to varicocelectomy [64]. Before surgery, 
increased level of DFI % was observed in patients with varico- 
cele with significant positive correlation with ROS levels and 
negative correlation with total motile sperm count (TMSC). 
However, postoperatively, 73% of patients showed improvement 
in TMSC with significant reduction in DFI % and ROS levels at 
a 3-month follow-up. Regression analysis showed preoperative 
DFI % as a predictor of treatment success after varicocelectomy. 


Unexplained Male Infertility (UMI) 


Semen analysis remains the cornerstone in the evaluation of infer- 
tile male. However, the predictive value of conventional semen 
parameters on male fertility potential and reproductive outcomes 
is poor [66] and up to 10%-30% of infertile couples are classified 
as unexplained infertility [67]. Several studies have investigated the 
correlation between SDF and sperm parameters in men with unex- 
plained infertility [68,69]. Higher levels of SDF and its positive asso- 
ciation with oxidative stress have been demonstrated in men with 
UMI with normal sperm parameters [68]. Zandieh et al. compared 
28 UMI subjects with 30 fertile control; the SDF, assessed by SCD 
test, was significantly higher in UMI subjects compared to fertile 
men [69]. Oleszczuk et al. compared the level of DEI, assessed by 
SCSA, between 119 men with UMI and 95 men with proven fertility. 
In UMI group, 17.7% of men showed 20 < DFI « 30, and 8.4% had 
DFI > 30%, indicating a high degree of fragmented sperm DNA [70]. 
Thus, men with unexplained infertility may indeed have high SDF, 
suggesting that impairment of sperm DNA integrity can arise in men 
with otherwise normal semen parameters and support the role of 
SDF testing as a new marker in the assessment of male infertility. 


SDF in Evaluation of Natural Conception 
and ART Outcomes 


SDF has been demonstrated to be a valuable prognostic tool in pre- 
dicting the chances of natural pregnancy in couples. The relationship 
between DNA damage and natural conception was summarized in 
a meta-analysis involving three studies and 616 couples. High SDF, 
determined by SCSA, was associated with failure to achieve natural 
pregnancy with an odds ratio of 7.01 (9596 confidence interval [CI] 
3.68, 13.36) [63]. Another important piece of evidence was illus- 
trated in the first pregnancy planners with no previous knowledge 
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of fertility capability. Time to pregnancy was associated with high 
SDF in addition to lower fertility potential [71]. 


Intrauterine Insemination (IUI) 


Sperm DNA damage is associated with poor IUI outcomes [3]. 
A prospective study was conducted by Duran et al. involving 
154 IUI cycles out of 199 patients and SDF was assessed by 
TUNEL and AO test. The levels of SDF were significantly higher 
among failed cycles and no samples with >12% of sperm having 
DNA fragmentation resulted in pregnancy [72]. In a subsequent 
study conducted by Bungum et al., analysis revealed that a DFI 
>30% by SCSA is a predictor for decreased biochemical preg- 
nancy, clinical pregnancy, and delivery rate in couples following 
IUI [73]. A recent study reported that SCSA based SDF index 
>27% negatively influence pregnancy rates after IUI [74]. 


In Vitro Fertilization (IVF)/ICSI 


Several studies have evaluated the association between SDF and 
reproductive outcomes of IVF/ICSI. A meta-analysis performed 
by Zini and Sigma involving 9 IVF studies revealed lower 
pregnancy rates in couples with a high SDF (odds ratio [OR], 
95% CI = 1.57 (1.18—2.07). However, the results of ICSI showed 
a non-significant trend (OR, 95% CI = 1.14 [0.86-1.54]) [7]. 
Similar findings were reported by the meta-analysis carried out 
by Zhao et al. indicating the association between high SDF and 
lower pregnancy following IVF but not ICSI [75]. The systematic 
review by Zini and Sigma also indicated that the SDF was asso- 
ciated with increased rate of pregnancy loss in couples under- 
going IVF or ICSI (combined OR, 95% CI = 2.48 [1.52-4.04; 
p < 0.0001] [7]. Osman et al. reported significant association 
between SDF and live birth rate (LBR) following IVF (OR, 95% 
CI = 1.27 [1.05-1.52]). However, ICSI failed to show such asso- 
ciation [76]. Conversely, meta-analysis carried out by Zhang et al. 
did not confirm the positive role of sperm DNA integrity evalua- 
tion in determining the outcome in IVF or ICSI cycles [77]. 


Recurrent Pregnancy Loss (RPL) and Miscarriage 


RPL, defined as at least two prior pregnancy losses at less than 
20 weeks of gestation, has been associated with high sperm 
DNA damage [8]. A systematic review and meta-analysis of 16 
cohort studies involving 2,969 couples revealed significantly 
increased rate of miscarriage in patients with high sperm 
DNA damage when compared to those with low DNA damage 
(risk ratio [RR] = 2.16 [1.54, 3.03], p « 0.00001) [78]. In addi- 
tion, subgroup analysis on SDF assays showed strongest mis- 
carriage association for the TUNEL assay (RR = 3.94 [2.45, 
6.32], p « 0.00001). A recent prospective cohort study con- 
ducted by Bareh et al. compared the sperm DNA integrity 
of 26 male partners of women with unexplained RPL and 31 
normozoospermic proven fertile men. The SDF, assessed by 
TUNEL, was significantly more in men with RPL when com- 
pared to controls (36 + 2.7 vs 9.4 + 2.7; p « 0.001) [8]. These 
results clearly indicate that SDF plays a major role in RPL. 
In summary, there is a clear association between high SDF and 
decreased pregnancy rates in natural conception and IUI. The asso- 
ciation between high SDF and IVF/ICSI outcomes is less clear and 
it seems that ICSI may possibly achieve a satisfactory fertilization 
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rate in men with high SDF. However, the increased risk of miscar- 
riage after ART in patients with high SDF is of concern. In fact, 
higher live birth rates after IVF (RR 1.27) and ICSI (RR 1.11) 
in couples whose male partners had low SDF has been recently 
reported [76]. 


Clinical Practice Guidelines for SDF Testing 


Evaluation of sperm DNA damage is now evolving as an indis- 
pensable tool for assessing male fertility status [79]. Recently, 
the STM published a CPG that provides recommendations for 


TABLE 7.3 
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SDF testing in various male infertility scenarios [12]. Although 
there is insufficient evidence to support the routine use of SDF 
testing in evaluation of infertile men, a CPG on SDF testing is 
of great value in translating the best evidence into clinical prac- 
tice and serves as a framework for standardized care and future 
research. The guidelines summarized the current evidence and 
supported the use of SDF testing in specific clinical scenarios 
(Table 7.3) including varicocelectomy candidates, couples with 
recurrent pregnancy loss, patients with unexplained infertility, 
couples with failed assisted reproduction, and infertile men with 
exposure to modifiable lifestyle risk factors. The appropriate 
utilization of SDF testing may help clinicians in implementing 


Clinical Implications of SDF Assays and CPGs for SDF Testing Recommended by STM 


CPG for SDF Testing 
Etiology Findings/Conclusions Method(s) of Detection Reference(s) Recommended by STM 
Varicocele High levels of SDF in patients with varicocele SCSA, TUNEL; SCSA, Smith et al; Zini and SDF testing recommended in 
TUNEL, Comet, & Dohle; Wang et al.; patients with grade 2/3 varicocele 
AB; SCSA, TUNEL, & Esteves et al. [60-63] having normal conventional 
Comet; SCD semen parameters and in patients 
Increased DNA degradation index (DDSi >0.33)in SCD Esteves et al. [60] with grade 1 varicocele having 
patients with varicocele borderline/abnormal conventional 
Varicocelectomy improves SDF and pregnancy rates SCSA Ni et al. [65] Somen parameters (Grade C 
SDF as a predicator of improvement after SCSA Abdelbaki et al. [64] recommendation) 
varicocelectomy 
UMI High SDF (20< DFI < 30 or DFI >30%) in men SCSA Oleszczuk et al. [70] SDF testing recommended to 
with UMI having normal sperm parameters infertile couples with RPL or 
SDF is an independent predictor of male fertility SCSA; SCSA Bungum et al. [73]; before initiating TUI 
in vivo as well as in vitro Oleszczuk et al. [70] (Grade C recommendation). 
RPL High levels of SDF is associated with higher rate of TUNEL Bareh et al. [8] Early IVF or ICSI may be an 
miscarriages alternative to infertile couple 
SDF levels predicts the chances of natural SCSA Evenson et al. [6] With RELor tailed TUI . 
(Grade C recommendation). 
pregnancy 
TUI failure High levels of SDF is associated with lower TUI TUNEL and AO Duran et al. [72] 
pregnancy rate 
DFI >30% is a predictor of decreased pregnancy and SCSA Bungum et al. [73] 
delivery rate following IUI 
SDF index >27% negatively influence pregnancy rates SCSA Rilcheva et al. [74] 
after IUI 
IVF/ICSI High SDF is associated with lower pregnancy rate TUNEL & SCSA; Zini and Sigma [7]; SDF testing is indicted in patients 
following IVF but not ICSI TUNEL, SCSA, AO, & Zhao et al. [75]; with recurrent failure of assisted 
Comet; TUNEL, Osman et al. [76] reproduction (Grade C 
SCSA & Comet recommendation). 
High SDF is associated with increased rate of TUNEL & SCSA; Zini and Sigma [7]; The use of testicular sperm rather 
abortion in couples undergoing IVF or ICSI TUNEL, SCSA & Robinson et al. [78]; than ejaculated sperm may be 
Comet; TUNEL, SCSA, Zhao et al. [75] beneficial in men with 
AO, & Comet oligozoospermia, high SDF, and 
Significant association between SDF and (LBR TUNEL, SCSA, & Osman et al. [76] recurrent IVF failure (Grade B-C 
following IVF but not ICSI Comet recommendation) 
No association between SDF and ART outcomes in TUNEL, SCSA, Zhang et al. [77] 
IVF or ICSI cycles Comet, & AO 
Source: Modified from Oxford Centre for Evidence-Based Medicine (http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march -2009/). 


CPG for SDF testing adapted from Agarwal, A., et al., Transl. Androl. Urol., 6, S720-S733, 2017. 

Note: SDF sperm DNA fragmentation; Grades of recommendations according to quality of evidence: Grade A, based on clinical studies of good quality and 
consistency with at least one randomized trial; Grade B, based on well-designed studies (prospective, cohort) but without good randomized clinical 

trials; Grade C, based on poorer quality studies (retrospective, case series, expert opinion). 


Abbreviations: 


AB, Aniline Blue; AOs, Acridine Orange; ART, assisted reproduction techniques; CPGs, Clinical Practice Guidelines; DFI, DNA fragmenta- 


tion index; ICSI, intracytoplasmic sperm injection; IUI, intrauterine insemination; LBR, live-birth ratio; IVF, in vitro fertilization; RPL, recur- 
rent pregnancy loss; SCD, sperm chromatin dispersion; SCSA, sperm chromatin structure assay; SDF, sperm DNA fragmentation; STM, 
Society for Translational Medicine; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; UMI, unexplained male fertility. 
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early and effective management decisions. This can be achieved 
by selection of patients who will benefit from intervention and 
choice of the best ART. 
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Strategies to Reduce SDF 


Several studies have been published that shed light on various 
strategies to reduce SDF or select sperm with high chromatin 
quality for ART, which are now discussed. 


Oral Antioxidant Therapy 


With increasing reports on the detrimental effects of oxida- 
tive stress on sperm DNA integrity [61], the possible beneficial 
effects of oral antioxidant therapy in reducing SDF has been 
indicated by various clinical studies [80]. A Cochrane Review 
evaluated the effectiveness of oral supplementation of antioxi- 
dants in subfertile male partners by comparing against placebo 
or no treatment groups [80]. The analysis revealed a positive 
effect of oral antioxidants on LBR, and the SDF reduction rate 
was found to be 13.8%. Further studies are required for stan- 
dardization of treatment regimen as contradictory reports on 
the negative impact of antioxidant therapy on male infertility 
have been reported [81]. 


Short Ejaculatory Abstinence 


Repetitive ejaculation with short abstinence has been reported to 
reduce SDF significantly [82]. This is due to significant reduc- 
tion in the duration of epididymal transit of spermatozoa and its 
exposure to ROS. 


Sperm Processing and Preparation 


Sperm-processing techniques have been reported to influence 
sperm DNA integrity [83]. Several strategies have been reported 
to reduce the negative effects of sperm preparation on SDF, 
which includes shorter incubation time, storage at room tem- 
perature, low speed centrifugation, and addition of antioxidants/ 
cryoprotectants to culture media [83-85]. Density gradient 
centrifugation (DGC) is a common sperm preparation protocol 
before ART and has been reported to elevate SDF significantly 
resulting in lower pregnancy rate [86]. The negative influence of 
DGC on SDF was reported when higher centrifugation force and 
Percoll gradients were used [87]. Conversely, reduction in SDF 
following DGC has also been reported [88]. 


Sperm Selection Strategies 


Sperm selection strategies include techniques such as magnetic 
cell sorting (MACS), intracytoplasmic morphologically selected 
sperm injection (IMSI), and physiological ICSI with hyaluronic 
acid binding assay (PICSI), as well as testicular sperm extrac- 
tion (TESE) and testicular sperm aspiration (TESA). Studies on 
the impact of these sperm-selection techniques on ART outcome 
revealed conflicting results [89,90]. A recent study conducted 
by Bradley et al. showed highest improvement in live birth rates 
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with TESE/TESA (49.8%), and modest improvement with IMSI 
(28.7%) and PICSI (38.3%) when compared with no intervention 
(24.2%) [89]. 


Conclusion 


Sperm DNA integrity is crucial for successful human reproduc- 
tion, both natural and assisted. DNA fragmentation is more com- 
monly reported in various male infertility scenarios. SDF testing 
has a strong impact on fertility potential evaluation independent 
of classic semen analysis. Despite various tests available for SDF 
assessment, privation of optimization and lack of clear-cut clini- 
cal reference value has impeded the routine application of SDF 
assays. Among the SDF assays, TUNEL is considered to be sim- 
ple, sensitive, and the most reliable test with low interobserver 
variation. Further studies are warranted to standardize various 
SDF assays to overcome the hurdle of clinical reference range. 
The clinical value of SDF testing in prediction of natural con- 
ception and ART outcomes has been extensively studied. Recent 
clinical practice recommendations suggested the potential role 
of SDF testing in specific clinical scenarios. This would expand 
the horizon of SDF testing globally as a prognostic and diagnos- 
tic tool in various male infertility scenarios and their treatment 
management. 
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Sexually Transmitted Infection and Male Infertility 


Kareim Khalafalla, Haitham Elbardisi, and Mohamed Arafa 


Introduction 


Sexually transmitted diseases (STDs) are infections that are 
transmitted by sexual contact. They are most frequently trans- 
mitted through sexual intercourse through vaginal, oral, or anal 
contact. Many organisms are responsible for causing STDs and 
result in a large number of symptoms and clinical manifesta- 
tions; but in most cases, these diseases progress without any 
symptoms. It usually causes manifestations in the local genital 
area as well as systemic consequences that vary in severity from 
mild viremia to generalized system affection [1]. The risk factors 
for STDs include having multiple sexual partners, concomitant 
partners, and unprotected sex [2]. 

STDs have long been an underestimated opponent in the 
public health battle. There is increasing prevalence of STDs 
as a whole, making it a global challenge. The World Health 
Organization (WHO) reported a 11.3% increase in the incidence 
of STDs from 448.3 million curable STD cases in 2005 to a 
total of 498.9 million cases in 2008 [3]. The associated socio- 
economic costs have become a major burden due to the high 
number of individuals affected and the increased incidence of 
STDs. It has been described as “hidden epidemics of tremen- 
dous health and economic consequence in the United States,” 
where the “scope, impact, and consequences of STDs are under- 
recognized by the public and healthcare professionals” [4]. 

The role of STDs in male fertility was reported by the WHO in 
2001 [5]. Since then a number of studies and review articles have 
discussed this problem. Although there is an agreement on the 
role of gonococci and human immunodeficiency virus (HIV) on 
male infertility, the roles of Chlamydia trachomatis, Ureaplasma 
urealyticum, herpes simplex virus (HSV), human papillomavirus 
(HPV), and Trichomonas vaginalis are discussed controversially [6]. 
This chapter will discuss the role of STDs in male infertility. 


a 
Mechanism of Male Infertility due to 
Sexually Transmitted Diseases 


Direct Effect on Sperm 


Pathogenic STD bacterial strains were isolated from the semen 
of infected patients in high concentrations; it was found that 
these bacteria might exert a direct damaging effect on the sperm 
by inducing apoptosis and necrosis with subsequent reduction 


of sperm count, motility, and alteration of normal morphology. 
The most common bacterial STD organisms affecting semen 
include C. trachomatis, Neisseria gonorrheae, Mycoplasma 
spp., Ureaplasma spp., and Treponema pallidum [7-9]. 


Leukocytospermia and Oxidative Stress 


STDs are associated with an increased number of leukocytes 
in semen with subsequent increase in oxidative stress, lead- 
ing to subcellular changes in sperm membranes (phospholipid 
scrambling, peroxidative damage, and phosphatidylserine [PS] 
externalization), mitochondria (mitochondrial transmembrane 
potential, AYm, and oxidoreductive capability). Sperm mem- 
branes have very high levels of phospholipids, sterols, and satu- 
rated and polyunsaturated fatty acids; therefore, sperm cells are 
particularly susceptible to the damage induced by excessive reac- 
tive oxygen species (ROS) release. Therefore, increased oxidative 
stress leads to increased sperm DNA fragmentation, decrease in 
sperm count, motility, and vitality, as well as decrease in per- 
centage of normal sperm morphology [10,11]. 

In addition to the hazardous effect of STDs-induced leukocy- 
tospermia on semen parameters, antibiotic treatment for STDs 
adds to the deleterious effect on male fertility. The effect of anti- 
biotics on spermatogenesis is well documented. The probable 
mechanisms are either hormonal by inhibition of gonadotrophin 
secretion, inhibition of enzymes involved in androgen biosynthe- 
sis or competitive inhibition of hormone action, direct effect on 
spermatogenesis through direct damage of germinal epithelium, 
inhibition of Sertoli cell function, or damage of the blood-testes 
barrier [12,13]. 


Immunological Infertility 


Antisperm antibodies have been identified in the serum and 
seminal fluid of patients with STDs, namely C. trachomatis and 
HIV. However, these findings are controversial and more studies 
are needed to confirm the role of antisperm antibodies in STD- 
induced male infertility [14]. 


Male Accessory Gland Infection (Prostatitis, 
Epididymitis, Orchitis, and Urethritis) 


Accessory gland infection can occur with STDs either as a pri- 
mary site of infection (urethritis in case of gonococcal infection 
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and chlamydia trachomatis) or as extension of infection from 
the primary site. Although these infections are potentially cur- 
able, they can cause temporary impairment of fertility or long- 
standing infertility due to delayed complications of infection. 

Prostatitis is known to cause infertility whether associated 
with leukocytospermia or not. This could be attributed to the 
increased oxidative stress due to inflammation. Chronic pros- 
tatitis is common with several STD pathogens increasing the 
risk of infertility. This may be due to disturbance of accessory 
gland secretions with disturbed seminal microenvironment. 
Chronic prostatitis and scarring may lead to partial or com- 
plete ejaculatory duct obstruction [15,16]. In these cases, the 
semen parameters of patients are characteristic showing low 
semen volume, acidic pH, azoospermia, and negative fructose 
in semen. 

Acute epididymitis may be caused by some STDs, namely 
gonococcal and chlamydia. This occurs due to retrograde 
transmission of the infective organisms from the urethra to 
the vas and down to the epididymis. This may lead to epididy- 
mal fibrosis and scarring causing poorer semen parameters 
or obstructive azoospermia in cases of bilateral epididymal 
obstruction, which is relatively uncommon [17]. Epididymitis 
may manifest by acute scrotal pain or discomfort associ- 
ated with swelling and tenderness. However, sometimes it 
is asymptomatic, and the course of the disease passes unno- 
ticed and is discovered accidentally during evaluation for 
fertility later on in life. Bilateral epididymal obstruction is 
suspected when evaluating a patient with infertility and 
his semen analysis shows normal semen volume, azoosper- 
mia, and positive fructose in semen associated with normal 
reproductive hormones (follicle-stimulating hormone [FSH], 
luteinizing hormone [LH], and testosterone). A clinical his- 
tory of STDs guides the clinician to the possibility of STDs- 
induced obstructive azoospermia. On scrotal examination, 
bilateral epididymal tail nodules are usually felt during palpa- 
tion with normal testicular size and consistency and presence 
of the vas deferens bilaterally. The best method of treatment 
in such cases is microsurgical reconstructive surgery (vaso- 
epididymostomy [VE]) with a postoperative patency of around 
73%-92%, although the patency rate tends to be less in men 
with STDs due to concurrent affection of the vasal epithe- 
lium [18]. In case of failure of VE, testicular sperm extraction 
(TESE) and using testicular sperm for intracytoplasmic sperm 
injection (ICSI) is the only possible option for the patient to 
father his biological offspring. 


Specific Role of STDs in Male Infertility 
Bacterial STDs 
Chlamydia trachomatis 


The most prevalent bacterial STD worldwide is C. tracho- 
matis with roughly 100 million cases diagnosed daily [19]. 
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A high number of cases of infection in men remain an undi- 
agnosed or untreated cause of male infertility. Around 13.3% 
of young men present with genital C. trachomatis infec- 
tions [20], with the primary site of C. trachomatis infection 
in men being the penile urethra and urethritis the most 
common manifestation [21]. The acquired immunity to this 
infection is partially protective and can result in recurrent 
infections [22,23]. 

Reports on the effect of C. trachomatis on male fertility are 
highly controversial. Although epidemiological data had sug- 
gested a correlation between Chlamydia and male infertility, 
the exact effect on semen is still debatable. Some studies stated 
no effect of the infection on any sperm parameter [24], whereas 
others stated different levels of semen affection ranging from 
isolated semen defects to affection of all semen parameters, 
including decrease in sperm count, motility, viability, and nor- 
mal morphology [5,9,17,25]. This controversy may be due to dif- 
ferences in methodology between the studies, including different 
methods of detection of the organism, different timing between 
infection and semen analysis, and different methods of semen 
assessment. 

The exact mechanism of infertility is also controversial. 
The initial response to C. trachomatis infection is the gen- 
eration of interleukin-1 (IL-1) which in turn results in the 
stimulation of polymorphonuclear white blood cells (WBCs). 
Leukocytospermia will lead to increased production of ROS with 
an increase in oxidative stress in semen followed by deteriora- 
tion of all semen parameters, increased sperm DNA damage, and 
impairment of acrosome reaction. The sperm itself will also add 
to the increase of ROS associated with C. trachomatis infection 
as the organism has abundant lipopolysaccharides on its mem- 
brane, which attaches to CD14 receptors on the sperm, resulting 
in production of large amounts of ROS. Also, C. trachomatis is 
believed to cause immunological infertility with increased pro- 
duction of antisperm antibodies. Infection will lead to increased 
humoral response with local invasion of macrophages, lympho- 
cytes, plasma cells, and eosinophils, resulting in production of 
local secretory immunoglobulin A (IgA) and circulating immu- 
noglobulin M (IgM) and immunoglobulin G (IgG). The increase 
in chlamydia antibodies has been associated with deterioration 
of semen parameters [26,27]. 


Neisseria gonorrhea 


N. gonorrhea is a gram-negative dipplococci that generally 
infects the male urethra leading to urethritis. The majority of 
cases will be asymptomatic. Symptomatic cases present usu- 
ally with severe urethritis and presence of the classical green- 
ish yellow urethral discharge within 7 days from unprotected 
sexual intercourse. With recurrent gonococcal infection or 
inadequate treatment, complications may arise, namely pros- 
tatitis, epididymitis, orchitis, or rarely, septicemia especially 
in immunocompromised patients. The local immune response 
to gonococcal infection is very protective with severe inflam- 
mation at the local site of infection; however, the humoral 
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response is very subtle evidenced by the high incidence of 
recurrence. This may be due to antigenic variation of major 
surface molecules and suppression of host immune response 
signaling by the bacterium [5]. 

N. gonorrhea is a highly prevalent STD with increasing inci- 
dence in recent years. The Centers for Disease Control and 
Prevention (CDC) reported around 470,000 cases in the United 
States alone in 2016 compared to around 350,000 cases in 2012. 
Although it is highly prevalent, very limited data is available 
linking N. gonorrhea to male infertility. In a prospective study on 
45 men who had gonococcal urethritis and epididymo-orchitis, 
60% of men showed abnormal semen parameters 2 years fol- 
lowing infection, including 3 out of 14 patients who fathered 
children prior to infection [28]. In another study conducted in 
Jordan, by Abusarah et al. [29], they reported that N. gonorrhea 
DNA was detected in 6.576 of infertile men and 0*6 in fertile 
men (p « 0.05). In Sweden, the eradication of gonorrhea was 
reported to be associated with a decrease in secondary infertil- 
ity rates [30]. 

The mechanism by which N. gonorrhea can cause male infer- 
tility includes increased seminal WBCs with subsequent increase 
in oxidative stress and a negative effect on all semen parameters. 
Also, epididymitis and prostatitis may lead to obstruction of 
seminal tract and may reach up to azoospermia in cases with 
bilateral affection. Lastly, epididymo-orchitis may lead to sup- 
pression of spermatogenesis [31,32,33]. 


Ureaplasma Species 


The male urethra is naturally populated with ureaplasmas 
(U. urealyticum [UU] and Ureaplasma parvum), which may 
contaminate the semen. UU is the species mainly involved in 
urogenital infections and may cause male infertility. UU is 
asymptomatic but may lead to urethritis or epididymitis, or cause 
dysfunction of accessory sex glands [34,35]. 

Several studies have reported a high prevalence of UU in infer- 
tile men ranging from 5% to 42% [29]. Other studies reported 
lower prevalence of UU ranging from 15.4% to 27.6% [36,37]. 
However, the data relating the effect of UU infection to fertility 
is controversial. Some studies stated no effect on semen parame- 
ters [38,39], and others stated significant decrease in sperm count, 
motility, vitality, and normal morphology [40,41]. Increased 
semen viscosity and decreased semen pH were reported in infer- 
tile patients infected with UU, suggesting accessory glands dys- 
function and prostatitis, which may affect fertility [42]. Moreover, 
increased oxidative stress has been reported with deleterious 
effects on sperm [43]. A possible cross-reactive antigen between 
UU and human sperm membrane proteins was suggested when 
using Western blot to detect UU in semen obtained from fertile 
and infertile men, which could suggest UU-induced immunologi- 
cal infertility [44 ]. 

Animal studies found that UU infection can affect sperm 
count and motility as well as DNA integrity and morphology. 
Xu et al. [40] found that 33% of rats with induced UU infec- 
tion were infertile, and even in those who could impregnate 
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their partners, the offspring were significantly smaller com- 
pared to uninfected rats. One study reported a decline of 
sperm motility when incubated with UU. Electron microscopy 
showed clusters of UU attached to the deformed sperm [45]. 
Another study stated that when human sperm was incubated 
with UU, there were dose- and time-dependent decreases in 
sperm motility and viability as well as an increase in sperm 
DNA damage [46]. Treatment with doxycycline for 10 days 
resulted in significant improvement of both viability and motil- 
ity. The effect of UU infection on sperm DNA and sperm qual- 
ity can negatively affect in vitro fertilization (IVF) outcomes 
with reduced pregnancy rate in UU-infected semen compared 
to normal semen [47]. 


Mycoplasma 


Mycoplasma hominis (MH) and mycoplasma genitalium 
(MG) colonizes the male and female genital tract. It is usually 
asymptomatic, but it may lead to urethritis [5]. The prevalence 
of mycoplasma differs according to the detection method. 
Mycoplasma was detected in the urine samples of 41% of 
patients with recurrent urethritis [48]; however, when detect- 
ing the organism in semen, MH and MG were found in 9.6% 
and 4.8%, respectively, of infertile men with a higher preva- 
lence in azoospermic men [49]. 

The role of mycoplasma in male infertility is controversial, but 
there is some evidence suggesting its deleterious effect on fer- 
tility. Some studies reported deterioration of semen with myco- 
plasma infection, including increased semen viscosity, decreased 
sperm count, and motility [37]. Mycoplasma was found to be 
attached to spermatozoa, which may lead to infection of the 
female partner. In in vitro studies, this attachment was found to 
increase sperm agglutination with consequent decrease in motil- 
ity and was also associated with increased capacitation and acro- 
some reaction [50]. 


Treponema pallidum 


T. pallidum is responsible for causing syphilis with approxi- 
mately 12 million new cases per year worldwide [51]. 
The effect of T. pallidum on male fertility is not well docu- 
mented; however, there are a number of theories linking it to 
infertility. Epididymal obstruction can be caused by syphilitic 
epididymitis. Gummas of tertiary syphilis can destroy tes- 
ticular tissue in cases of syphilitic orchitis. Also, endarteritis 
obliterans found in tertiary and congenital syphilis may lead to 
small and fibrotic testes. Lastly, neurosyphilis and tabes dorsa- 
lis can influence male infertility by causing erectile or ejacula- 
tory dysfunction [5,52]. 

The effect of syphilis on pregnancy is severe. In addition to 
vertical transmission to the embryos and development of con- 
genital syphilis, abortion and stillbirth occurs in approximately 
50% of infected cases, and infant death in more than 10% of 
cases [17]. This mandated the screening of syphilis for all cou- 
ples going for IVF treatment. 
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Viral Infections of Semen 


Viruses have different routes of infection and dissemination. 
Semen is one important source where viruses can infect cells 
like spermatozoa, lymphocytes, and macrophages. Not only are 
seminal cells affected, but also seminal plasma can be infected. 
Viral infection of the reproductive tract, including semen, can 
have major effects on the fertility potential of human beings via 
different changes in the endocrine and reproductive functions. 
One important aspect to keep in mind is that viral infection 
in semen and reproductive tissues does not only mean changes 
in function, but also includes transmission of this infection to 
other humans whether to other sexual partners horizontally or 
to future generations vertically. In general, treatment of such 
infections is quite challenging as the medications can have del- 
eterious effect on semen parameters and testicular function. 
Now with the importance and impact of such infections being 
elaborated, viral screening has been implemented in many 
countries including the United States and the United Kingdom 
for patients electing to pursue assisted reproductive techniques 
(ART). We will discuss briefly some of the common viral infec- 
tions encountered during our infertility evaluation and high- 
light its effect on the reproductive potential. 


Human Papilloma Virus (HPV) 


One of the most frequent viral STDs in young women and men 
is HPV and out of 100 HPV strains, approximately 40-50 are 
associated with genital tract infections and certain strains have 
shown a strong linkage to malignancy like HPV 16, 18, and 
45 [53]. HPV infection in men varies from that in women as 
there is a different natural history of the virus itself. It is usually 
eradicated and only a small percentage of the viral load remains 
in the male population following infection. HPV has been iso- 
lated in the male reproductive tissues (testes, epididymis, and 
vas deferens) and semen [54]. Various methods of detection have 
been applied, most commonly and very accurately is polymerase 
chain reaction (PCR) and fluorescence in situ hybridization 
(FISH) techniques of semen cultures. 

There has been controversy about the effect of HPV on fer- 
tility among many studies published. Lee et al. proposed pre- 
served fertility with HPV and Schillaci et al. [55] confirmed 
the same results stating that HPV infection does not have an 
impact on semen parameters. However, Bezold et al. and Foresta 
et al. clearly showed reduced sperm motility and concentration 
in HPV-positive males. Moreover, Lai et al. [56] and Foresta 
et al. [57] have mentioned the detrimental effects of HPV on 
semen parameters, including lower fertilization capacity and anti- 
sperm antibody production contributing to the infertility potential 
of HPV. With natural conception, no difference was observed in 
frequency of abortions in couples exposed to HPV as compared 
to unexposed couples [5]. However, it was found that miscarriage 
rates were higher with IVF in HPV-positive individuals [58]. 

Currently, treatment is aimed to prevent HPV infection through 
vaccines, which has been recommended for both sexes [59]. 
Other methods of treatment are limited to the effects of the viral 
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infection and are done by the removal of HPV-infected tissue 
(penile warts in men and cervical lesions in women). New tech- 
niques for sperm washing and HPV removal through Heparin III 
incorporation has shown promising results allowing HPV-free 
conception in recent studies [60]. 


Human Immunodeficiency Virus (HIV) 


HIV can be divided into two main subtypes that have a different 
natural history and pathogenicity. HIV-1 is considered respon- 
sible for most of the global HIV infection rates as it is easily 
transmissible. Main transmission methods can be through sexual 
intercourse, blood-borne, and vertically from mother to child. 
Semen is the main vector in males. The presence of the virus in 
semen results in viral replication in the seminal tract. The men 
who were found to be positive for HIV show higher percentage 
of sperm with abnormal morphologies and DNA damage sug- 
gesting lower sperm concentration, which hampers the process 
of spermatogenesis. The load of HIV in semen varies with vari- 
ous factors such as stage of infection and disease, the presence 
of reproductive tract inflammation, and whether the person is on 
antiviral therapy or not [5]. 

The main effect of HIV on infertility is believed to be either 
due to direct invasion of the male reproductive tract with repli- 
cation or indirectly through a massive immunologic and inflam- 
matory process that involves various cytokines and chemokines 
expression (IL-1, IL-4, IL6, IL-7, IL-8, GM-CSF, and MCP-1) 
causing abnormal sperm motility, morphology, and concentra- 
tion [61,62]. Crum-Cianflone et al. [63] also mentioned that 
HIV causes hypogonadism, which affects spermatogenesis and 
sperm count. 

Because HIV rates worldwide have been increasing and its 
effect on fertility has been widely discussed, different methods 
to overcome such effect have been developed. The latest is using 
ART, either intrauterine insemination (IUI) or IVF in HIV- 
positive males after applying spermatozoal wash procedures 
and treating persons with a highly active antiretroviral therapy 
(HAART) regimen. This has yielded successful results in having 
live births without any transmission of the virus to the mother or 
child [64]. 


Herpes Simplex Virus (HSV) 


There are two types of genital herpes virus; HSV-1 and HSV-2. 
HSV-1 causes oral and occasionally genital lesions, and HSV-2 
is considered the most likely cause of genital herpes. Infection 
can occur through direct or indirect contact with genital lesions. 
It has been reported that HSV-1 and HSV-2 can be vertically 
transmitted during pregnancy or delivery of a child [65]. HSV 
can be isolated in semen, testicular, and prostatic tissue [66]. 
HSV infection prevalence has been fluctuating over the decades 
as it varied a lot with the method used for detection. Kapranos 
et al. [67] reported the presence of HSV DNA in 49.596 of semen 
samples for infertile men with abnormal parameters detected by 
nested PCR, while Abdulmedzhidova et al. [68] reported 2596 
detection using a rapid culturing method. Moreover, Bezold 
et al. [69] reported 3.7% detection using a semiquantitative PCR. 
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HSV is believed to affect semen parameters and the potential 
fertility through different mechanisms. One theory is that HSV 
causes apoptosis to reproductive cells, hence, impairing sper- 
matogenesis [70]. Klimova et al. [71] stated that sperm motility is 
mainly affected with HSV infection, while Bezold et al. [69] attrib- 
uted HSV infertility to impaired epididymal and prostatic func- 
tions caused by decreased neutral alpha glucosidase and citrate 
concentrations in HSV-positive semen samples. Lastly, Bocharova 
et al. [72] postulated that HSV internalizes into the head of the 
morphologically normal spermatozoa causing abnormal semen 
parameters. One matter that is controversial and still needs further 
studies is whether HSV can be transmitted via ART or not. 


Human Cytomegalovirus (HCMV) 


HCMV of the Herpesviridae family is an important virus that 
causes devastating and life-threatening consequences especially 
in immunocompromised and transplant patients. It has been iso- 
lated from different secretions of the oropharynx, urine, feces, 
vaginal and cervical secretions, blood, milk, and semen [73]. 
Sexual transmission isn't the main route of infection but usu- 
ally occurs when the accessory glands are contaminated by the 
virus [66]. The virus can infect different male reproductive tis- 
sues, for example, the epididymis, vas deferens, prostate, semi- 
nal vesicles, and even the spermatozoa itself [74,75]. 

Similar to HPV, there is an inconsistent relationship between 
the virus and the fertility potential where some studies deny 
any effect [69,76,77], and others state positive sperm parameter 
affection by the HCMV [70,71]. HCMV is believed to exert a 
gametotoxic effect on semen. HCMV-associated chronic inflam- 
matory response on the urogenital tract with increased oxidative 
stress is the key for infertility in such patients. Semen parameters 
usually show decreased motility and increased abnormal forms 
with the possible infectivity of the spermatozoa, leading to viral 
propagation [78]. 

Currently, washing procedures are implemented during ART 
aiming at viral elimination or reduction but still considered insuf- 
ficient to completely avoid viral transmission during IVF [79]. 


Hepatitis B Virus (HBV) 


HBV infection is considered to be as challenging as HIV because 
this virus is present in many body fluids including semen and can 
easily penetrate the genome and cross blood-tissue barriers [54]. 
HBV is transmitted via multiple routes such as perinatal, paren- 
teral, and sexual. Qian et al. [80] and Huang et al. [81] discovered 
through PCR and FISH methods that HBV can be integrated into 
sperm genomes, causing hereditary and mutagenic consequences 
that are easily vertically transmitted to future generations. 

Kang et al. [82] and Aitken et al. [83] have postulated that 
HBV generates ROS that cause sperm dysfunction, increas- 
ing membrane permeability, leading to loss of the ions needed 
for sperm motility and contributing to male infertility. Male 
semen parameters of infected individuals show affection 
in count, morphology, motility, and also apoptosis of germ 
cells [82,84], leading to a reduction in the IVF success rates in 
HBV-positive individuals with poor embryo transfer outcomes. 
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Hepatitis C Virus (HCV) 


Although HCV has a very low percentage for sexual and verti- 
cal transmission rates (reaching only 5%; [85]), and detection of 
viral load in infected individuals is also very low, neglecting the 
virus is impossible, with reported prevalence ranging from 096 
to 30% in seminal fluid diagnostic studies [85,86]. 

HCV can be isolated primarily in seminal plasma and rarely 
in spermatozoa. It is linked to abnormal semen parameters 
such as low counts, decreased motility, and increase of abnor- 
mal forms [87-89]. This has been attributed to high ROS level, 
sperm aneuploidy, sperm apoptosis, and necrosis. HCV-infected 
patients have been reported to have low total testosterone and 
high estradiol and prolactin levels compared to healthy persons, 
which also affects spermatogenesis. 

HCV transmission is theoretically possible during IVF. 
Unfortunately, it is not well documented. Although antivi- 
ral therapy is recommended to decrease the viral load, it has 
been shown in animal studies that these medications have 
toxic and teratogenic effects on embryonal cells [90]. Yet, 
semen is recommended to be prepared by different density 
centrifugation methods and sperm swim up in HCV-infected 
patients [91—93]. 


Protozoal Infections of Semen 


Trichomonas vaginalis is considered the most common organism 
causing Trichomoniasis, affecting millions of people worldwide. 
It more commonly affects women; they present with different 
symptoms of cervicitis, urethritis, vaginitis, and pelvic inflam- 
matory diseases, whereas in men it is mainly asymptomatic and 
masked by the effect of the cytotoxic prostatic zinc, which ren- 
ders the protozoan pathogenicity defenseless [94]. T. vaginalis 
was found by Flint et al. [95] in around 72% of an asymptom- 
atic male population; therefore, it may remain undiagnosed and 
persist for a longer period of time, leading to more complica- 
tions, including male infertility. Once symptomatic, men present 
with urethritis, epididymitis, and prostatitis. T. vaginalis is also 
responsible for the transmission of other infections and increases 
the risk of HIV transmission [5]. 

The mechanism by which T. vaginalis causes infertility is 
unclear, and all the explanations are derived from its effect on 
other cells and tissues. It initiates different cytotoxic molecules, 
which has a perforin activity forming pores in cell membranes 
leading to its damage [96-98], secretion of phospholipase 
A2 lytic factors also contributing to cell lysis, and destruction 
that is believed to cause male infertility [99]. Lastly, synthesis 
of proinflammatory cytokines by T. vaginalis as mentioned by 
Sutcliffe et al. [100] is thought to be important for fertility in 
infected males. 

Since the presentation of T. vaginalis is different between 
men and women, a high level of suspicion should be pres- 
ent, and more importantly, a good tool to diagnose is crucial. 
Recently, molecular diagnostic methods and testing can effi- 
ciently detect the organism compared to the traditional culture 
techniques [101]. 
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Conclusion 


Different STDs can affect male fertility through various mecha- 
nisms, including pyospermia, increased oxidative stress, direct 
apoptosis of sperm cells, immunological causes, or inflammation 
of male genitourinary tract and male accessory glands. Impact of 
semen parameters by STDs may include deterioration of sperm 
count, motility, and morphology as well as increased oxidative 
stress and sperm DNA fragmentation. The effect of STDs on 
fertility extends to affect assisted conception as well increasing 
embryo deformities and abortion rate. 
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Klinefelter Syndrome 


Mark Johnson, Tarek M. A. Aly, and Amr Abdel Raheem 


Introduction 


Worldwide, infertility (defined as the inability to conceive after 
one year of trying) affects 10%-15% of couples, with 3096—4096 
being due to the male partner [1]. Idiopathic infertility makes 
up approximately 1596 of male-infertility cases. Recent studies 
into idiopathic infertility in men have suggested an association 
between hormones including luteinizing hormone (LH), tes- 
tosterone, and serum follicle-stimulating hormone (FSH), and 
genetic factors (e.g., karyotype abnormalities and Y-chromosome 
microdeletions) [2]. 

Among infertile men, the most common sex-chromosome 
abnormality (affecting 396—496) is Klinefelter syndrome (KS) [3]. 
KS can be characterized by azoospermia (the complete absence 
of sperm within the ejaculate), seminiferous tubule dysgenesis, 
small testes, elevated serum gonadotrophin concentrations, 
and hypogonadism [4]. Approximately 10%-12% of azoosper- 
mic men have KS [3], and most men are diagnosed with KS 
late or are not diagnosed at all. The pathogenic mechanism 
leading to the spermatogenic defect in those with KS remains 
unknown. 

The first identification of KS was in 1942 in a group of nine 
patients with a phenotype characterized with azoospermia, an 
elevated FSH, gynecomastia and testicular hypotrophy [5]. 
However, despite KS being first described 76 years ago, many 
factors regarding the phenotypic variability within the popula- 
tion remain unclear. In 1959, an additional X sex chromosome 
in the karyotype of KS patients was identified [6], enabling the 
detection and follow-up from in utero. 


Genetic Background 


About 8096-9096 of KS patients have a 47,XXY karyo- 
type among the cells, with the remaining 10%-20% having: 
48, XXXY, 48,X XY Y, 47,1Xq,Y (structurally abnormal X chro- 
mosome, e.g., X isochromosome) karyotypes or mosaicisms 
of two different genetic lines such as 47,XXY/46,XY [7]. 
Nondisjunction, where the sex chromosomes fail to separate 
during oogenesis in meiosis I (50% of occurrences); or meiosis I 
(4096 of occurrences) in spermatogenesis; or during oogenesis 
in meiosis II (10% of occurrences) and is thought to be the 
mechanism behind the additional X chromosome [8]. Less 
commonly (around 3%), nondisjunction occurs during early 
embryogenesis in the fertilized egg [7]. 


Prevalence 


The prevalence of KS is estimated to be 1 in every 650 newborn 
males [9,10], with 10% detected prenatally, 3% detected due to 
behavioral problems or developmental delays, 2% detected due 
to gynecomastia or delayed puberty [10], and 17% diagnosed in 
adulthood due to infertility or hypogonadism. Thus, with the 
current diagnostic techniques, around 68% of males with KS 
potentially remain undiagnosed [11]. KS does not only cause 
hypogonadism, the presence of the abnormal chromosomes 
related to this condition, but is also associated with metabolic 
disease, psychosocial issues, and an increase in the tendency of 
certain malignancies [12]. 


Clinical Picture 


Males with KS are generally described as having a tall stature; 
long legs with a comparatively short trunk (due to delayed clo- 
sure of the epiphyses of long bones secondary to hypogonad- 
ism); small, firm testes [13]; hypogonadism; and azoospermia 
or severe oligozoospermia (semen with a low concentration of 
sperm) [12,14]. The clinical picture of KS is caused by hypogo- 
nadism and testicular failure. It should be noted however that 
this generalized description is based on the more severe cases 
(i.e. those seeking medical help) and less severe signs and 
symptoms may be present in those with less severe forms of the 
syndrome [9.15]. 

Seventy-eight comorbidities have been associated with KS [16] 
reducing the average life span by 2.1 years [17]. These include 
risk factors associated with cardiovascular disease such as higher 
risk of thrombosis (DVT and pulmonary embolism), insulin 
resistance, obesity, metabolic syndrome and diabetes; increased 
risk of certain infectious diseases, malignancy such as breast 
cancer, lymphoma, extragonadal germ-cell tumors, autoimmune 
diseases, such as systemic lupus erythematous (SLE), rheuma- 
toid arthritis, epilepsy, tooth decay, and osteoporosis [17.18]. 
The reduction in life expectancy also seems to be indiscriminate 
of the karyotype with no significant difference being identified 
between the most common type (47,X XY) and the less common 
types (karyotypes with more than one additional X chromo- 
somes and mosaicism) [19]. 

A wide array of cardiovascular abnormalities has been iden- 
tified in the KS population. These include reduced maximal 
oxygen consumption, an increased prevalence of chronotropic 
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incompetence, left ventricular diastolic dysfunction, and greater 
intima-media thickness (IMT). All of which have been identified 
as factors that may predict future cardiovascular incidents [20]. 

Patients with nonmosaic KS are not phenotypically similar 
despite their common karyotype. This variability could be attrib- 
uted to skewed X chromosome inactivation and parental source 
of the supernumerary X chromosome, which are associated with 
different patterns of epigenetic activation and inactivation of 
genes located on X chromosome and the length of CAG repeats 
in exon 1 of androgen receptor, which is inversely correlated with 
the receptor activity and, therefore, positively correlated with the 
degree of hypogonadism [21]. 

Men with KS develop progressive testicular failure that results 
in small and firm testes, testosterone deficiency, and nonobstruc- 
tive azoospermia. Although the testes of men with KF contain 
primordial germ cells, they diminish rapidly by puberty and are 
mostly replaced by hyalinization and fibrosis, which makes the 
testes small. The Leydig cells become hyperplastic, but their 
total number is still low due to the small testicular size, which 
causes hypogonadism [22,23]. 

Although KS is the most prevalent chromosomal abnormal- 
ity, there still appears to be a significant degree of underdiag- 
nosis. A large epidemiological study estimated that up to 2596 
of men with KS are never formally diagnosed, and those who 
are suspected, are rarely diagnosed before puberty as there may 
be only a few subtle signs such as undescended testes and long 
legs [9]. The three stages of life in which KS is diagnosed are (1) 
prenatally, (11) school age due to behavioral difficulties (patients 
may be shy, insecure, and find it difficult to make friends, have 
learning and speaking difficulties and delayed puberty); and 
(iii) adulthood due to infertility and hypogonadism [24,25]. 
This underdiagnosis of KS is due to the heterogeneity of the con- 
dition. Some men live functionally normal lives and only experi- 
ence a problem when trying to have children. Others have severe 
physical, psychological, and behavioral problems. These symp- 
toms can be, in part, explained by testosterone deficiency and, 
in part, are directly related to the chromosomal aneuploidy [23]. 


Semen Parameters 


The first presentation of men with KS is most commonly infertil- 
ity [25]. KF is the most common karyotype abnormality that is 
found in infertile men, with a prevalence of approximately 3% 
that goes up to 10% in men with nonobstructive azoospermia 
(NOA) [22]. The presence of motile spermatozoa in the ejacu- 
late of men with nonmosaic KS is a rarity (1076), and those men 
would have severe oligozoospermia. At presentation, the semen 
analysis in the vast majority of these men (9096) shows azoosper- 
mia. Despite this, there have been a few reports of spontaneous 
pregnancy with KS; however, these cases are very rare [26—29]. 
Men with mosaic KS are thought to have focal areas in the testes 
with normal germ cells that are able to undergo meiosis, mitosis, 
and spermiation. These men are, therefore, more likely to have 
spermatozoa in their ejaculate and are more likely to have a suc- 
cessful surgical sperm retrieval (SSR) than men with nonmosaic 
KS [30]. 

Some authors reported that numbers of spermatogonia seem to 
be comparable between KS and euploid infants [31], while others 
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suggest that the process of germ cell reduction slowly progresses 
throughout fetal life, infancy, and childhood [23]. A steep reduc- 
tion in germ cell numbers is observed with the onset of puberty 
in KS patients [32]. Hyperploid spermatogonia that progress 
through meiosis are arrested in the primary spermatocyte stage. 
This could be attributed to two factors: The presence of extra 
X chromosome that interferes with meiosis and the extra dose 
of TEX11 expression, which is a X-linked gene involved in 
meiosis [33], due to incomplete inactivation of the extra copy 
of X-chromosome genes [34,35]. Dysfunctional Sertoli and 
Leydig cells play an additional role in reduced spermatogenesis 
in KS patients by providing suboptimal microenvironment for 
spermatogenesis [36]. 


Investigations 


Semen analysis in KF shows azoospermia or severe oligozoo- 
spermia [26]. Male reproductive hormonal profile shows elevated 
FSH and LH with borderline or low total testosterone. Testis 
biopsy shows tubular hyalinization and fibrosis with areas of 
Leydig-cell hyperplasia [22,23]. Scrotal ultrasonography shows 
reduced testicular size and hypoechoic areas that correspond to 
the areas of Leydig cell hyperplasia. However, the diagnosis is 
established by karyotype. 


Treatment 


Management of KF essentially consists of treatment of the hypo- 
gonadism by testosterone replacement therapy, and for men seek- 
ing fertility, SSR followed by intracytoplasmic sperm injection 
(ICSI). It has been more than 22 years since the first successful 
SSR in a man with KS and over 20 years since the first suc- 
cessful pregnancy using testicular sperm extraction (TESE)/ 
ICSI [37,38]. Over the course of this period, there have been 
more than 100 men that have successfully fathered children 
using artificial reproductive techniques [23]. Based on survey 
data, Maiberg et al. [39] found that paternity is an important issue 
for couples affected by KS and that these couples demonstrate 
a positive attitude to artificial reproductive techniques. Prior to 
these seminal research papers, couples in which the male partner 
had KS would have had to use donor sperm or consider adoption. 


Patient Preparation before Surgical Sperm Retrieval 


The early use of testosterone replacement therapy (TRT) is 
advocated in the peripubertal stage in boys with KS to ensure 
normal pubertal development (including the acquisition of age- 
appropriate muscle and bone mass). Despite this being currently 
accepted clinical practice, it is not based on placebo-controlled 
evidence [23]. The use of TRT is known to inhibit spermato- 
genesis, and it is recommended that men discontinue TRT for 
at least 6 months prior to SSR [40,41]. There has, however, 
been one small study that successfully found sperm in 7 out of 
10 men that had previously been treated with TRT and an aro- 
matase inhibitor for 1 to 5 years [42]. Further placebo-controlled 
research is required to derive conclusions from these data. 
There are also alternative preoperative hormonal therapies 
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available. These include aromatase inhibitors, human chorionic 
gonadotrophin (hCG), or clomiphene citrate. The activity of aro- 
matase enzyme is fourfold higher in Leydig cells of KS patients, 
which increases the rate of testosterone aromatization. Low 
levels of testosterone synthesis in KS may be attributed to low 
activity of hydroxysteroid dehydrogenase enzyme. Testosterone 
levels could be successfully induced using hCG and aromatase 
enzyme inhibitors [43]. There is contradictory evidence about the 
role of these hormonal therapies in men with NOA. There have 
been two studies suggesting a modest improvement in SSR rates 
following these hormonal therapies [44,45]. There has been one 
further large study, of more than 1,000 men, that found that hor- 
monal therapies improved baseline testosterone levels, however 
did not ultimately affect SSR, pregnancy, or live-birth rates [46]. 
Unfortunately, these treatment options are also based on data 
collected in uncontrolled studies. 


Surgical Sperm Retrieval (SSR) Rates 
and Predictive Factors for Success 


There is still a lack of consensus with regard to the SSR rate and 
predictive factors for success in men with KS. This is due to the 
heterogeneity of the research studies that have been published to 
date, with many controversies still existing in this area. 

With the advent of artificial reproductive techniques, paternity 
has become a potential option for men with KS. There have been 
infrequent reports of successful ICSI using ejaculated sperm in 
men with KS; however far more commonly, men will require a 
SSR of testicular sperm followed by ICSI to achieve a pregnancy. 
Several different techniques have been described in the litera- 
ture; however, there are two commonly used options. In a conven- 
tional testicular sperm extraction (CTESE), seminiferous tubules 
are extracted via a small window in the tunica albuginea of the 
testicle, which is closed following extraction [29,30]. This tech- 
nique randomly samples one area of the testicle and is associated 
with higher rates of complication. The alternative is microsurgi- 
cal testicular sperm extraction (mTESE), which involves bivalv- 
ing the testis, examining the tissue under a microscope, and 
sampling the areas that appear to be the most promising [47]. 

A contemporary meta-analysis and systematic review by 
Corona et al. [30] identified 37 studies, which included 1,248 men 
with KS that have undergone a TESE procedure. Of these stud- 
les, 18 performed a cTESE, 13 performed a mTESE, and the 
remaining studies used a mixed approach. The mean age of the 
men with KS was 30.9 + 5.6 years; they had a mean testicular 
volume of 3.9 + 1.6 mL and mean hormonal/biochemical factors 
showing compensated or primary hypogonadism. They found an 
overall SSR rate of 4476 per TESE cycle. 

In the general infertility population, the SSR rates in men 
with NOA undergoing mTESE has been found to be significantly 
higher than in those undergoing cTESE. According to Schlegel 
et al. [48], the SSR rate following mTESE can be as high as 63% 
compared to 41% following cTESE. However, it appears that 
there was no significant difference in the SSR rates of CTESE 
and mTESE (43% vs. 4596; p = 0.65) in men with KS [28]. This is 
likely to be due to the small testicular volume in men with KS, 
which limits the benefit of sampling multiple areas with a micro- 
scope [49]. Despite there being no discernible difference in SSR 
between cTESE and mTESE in terms of SSR, mTESE has been 
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found to produce less postoperative damage to the testis and has 
a lower complication rate compared to cTESE [48,49]. 

There are conflicting reports within the literature about pre- 
dictive factors for a successful SSR. It is thought that the tes- 
tes of men with KS undergo progressive hyalinization, resulting 
in fibrosis of the seminiferous tubules after puberty [50,51]. 
Based on this, there have been multiple reports that suggest that 
TESE performed at a younger age («35 years) is more likely to 
have a successful outcome [52,53]. However, the meta-analysis 
described previously, and multiple studies included within it, 
have failed to identify predictive factors when comparing age, 
testicular volume, FSH, LH, and testosterone [28]. Furthermore, 
Aksglaede and Juul [23] also report that hormonal factors includ- 
ing FSH, inhibin B, testosterone, and estradiol are not predictive 
of sperm retrieval in men with KS. 

An important consideration, however, is the likelihood of boys 
or men with KS requiring exogenous testosterone supplemen- 
tation, which suppresses spermatogenesis. Men that have been 
commenced on testosterone require a minimum of a 6-month 
wash-out period before which TESE should be performed. 
Performing an early SSR would allow for continuous testoster- 
one supplementation in these patients. 


Outcomes Following Intracytoplasmic 
Sperm Injection (ICSI) 


Men with KS almost invariably require the combination of 
TESE followed by ICSI to achieve paternity. A review article of 
29 research studies reports 218 biochemical pregnancies after 
410 ICSI cycles, with a cumulative pregnancy rate of 43%. Taking 
this into consideration, the final live-birth rate of couples that 
commenced artificial reproductive techniques and underwent 
TESE/ICSI was 16% [28]. This rate is slightly lower than the 25% 
that is reported in men with NOA and a normal karyotype [54]. 
There was no significant difference found between using fresh or 
cryopreserved spermatozoa in the biochemical pregnancy rate or 
live-birth rate. Furthermore, as was seen with SSR, there were no 
clinical or biochemical factors that were predictive of success [28]. 


Will Offspring of Men with KS Also 
Have Genetic Problems? 


The spermatozoa (ejaculate and testicular) of men with KS have 
been found to have a greater number of hyper-haploid cells than in 
males with a normal karyotype. Theoretically, this should increase 
their risk of having child with KS [55]. In addition, men with KS 
have also been found to have a higher prevalence of autosomal 
aneuploidy (Trisomy 13, 18, and 21) than men with a normal karyo- 
type [55,56]. Despite the higher rates of aneuploidy in the sperm 
of men with KS, there have been approximately 150 live births of 
healthy children with a normal karyotype. There is only one report 
in the literature of a child being born with aneuploidy (46, X XY) of 
a father with KS [55]. It has been suggested that abnormal cells are 
eliminated at the primary-spermatocyte, secondary-spermatocyte, 
and spermatid levels, and thus, do not take part in fertilization. 

It has been hypothesized that only euploid spermatogonia in 
KS are capable of completing the spermatogenic cycle [56—58]. 
Focal spermatogenesis in KS could be explained by focal mosa- 
icism and the capability of some spermatogonia to lose the extra 
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X chromosome during mitosis [58,59]. Thus, the spermatogonia 
in KS could be hyperploid and not progressing through meiosis, 
euploid and progressing through complete meiosis, or euploid 
and not completing meiosis, presumably due to unfavorable local 
environment [56]. 

Stassen et al. performed a study that compares preimplanta- 
tion genetic diagnosis (PGD) of 113 embryos in which the father 
has KS and 578 embryos of couples with X-linked conditions as 
a control. The embryos of men with KS had significantly higher 
autosomal and sex chromosome abnormalities than the control 
group. Despite this, no embryo with KS was found at PGD [60]. 

Based on this information, it is accepted that pregnancies in cou- 
ples affected by KS are considered safe. However, many are still 
offered PGD to ensure that a chromosomally abnormal embryo is 
not transferred so as to give the pregnancy the best chance of success. 


Summary 


KS affects 1 in every 650 newborn males and is the most com- 
mon karyotype abnormality found in infertile men. Men with KS 
need counseling as they are more liable to develop comorbidities 
compared to the general male population. Although most men 
with KS will be azoospermic, they have a chance to father chil- 
dren via TESE/ICSI. 
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Varicocele 


Taha Abo-Almagd Abdel-Meguid Hamoda 


Introduction 


A varicocele is defined as an abnormally dilated and tortuous 
scrotal pampiniform plexus of veins. It has long been recognized 
that varicocele can cause progressive testicular deterioration, 
and it has been linked to impaired testicular functions and male 
infertility. In the early study of MacLeod in 1965 [1], he reported 
impairments of sperm count, motility, and morphology in men 
with varicoceles. Similar observations were documented in more 
recent studies as well [2-4]. Surgical repair of varicoceles has 
been reported to halt the testicular and sperm damage and to 
improve the male fertility potential [2-5]. 

This chapter summarizes the current state of knowledge 
regarding the varicoceles, their epidemiology, pathophysiology, 
diagnosis, and management. The role of varicocele in male infer- 
tility is emphasized. 


5 .  . . . 
Epidemiology 


Varicocele has been reported in early epidemiological studies to 
have a prevalence of 15% of the general male population, 35% 
of men with primary infertility, and as high as 80% of men with 
secondary infertility [6-10]. These early studies [8-10] were 
conducted on young men and did not evaluate the age as an 
important determinant of varicocele prevalence. Later epidemio- 
logical reports have strongly suggested that varicoceles develop 
around the age of puberty, primarily during testicular develop- 
ment. In 1971, Oster [11] reported no varicoceles in Danish boys 
ages 6-9 years, but they observed varicoceles with increasing 
frequency in boys ages 10-14 years. In a more recent report on 
prevalence of varicoceles in 4,052 boys 2-19 years old, varico- 
celes were detected in <1%, 7.8%, and 14.1% in boys ages 2-10, 
11-14, and 15-19 years old, respectively [12]. Further epidemio- 
logical observations in adult men suggest that the prevalence of 
varicoceles is age related, likely a result of aging of the venous 
valves. In a report on prevalence of varicoceles in 504 healthy 
men older than 30 years, overall 35% have demonstrated varico- 
celes on physical examination by a single examiner [13]. In sub- 
group analysis, the prevalence of varicocele was found to increase 
by approximately 10% for each decade of life. The prevalence 
was 18%, 24%, 33%, 42%, 5396, and 75%, respectively, for each 
consequent decade of life between 30-39 and 80-89 years [13]. 


Clinical (palpable) varicoceles are well known to be more 
common and almost always larger on the left side [14]. However, 
the reported prevalence of bilateral varicoceles, widely varies 
between 30% and 80%, and some investigators argue that vari- 
cocele is generally a bilateral disease [15]. An isolated right- 
sided varicocele is extremely rare, and the traditional literature 
raises concerns about an associated retroperitoneal pathol- 
ogy [14]. However, some investigators have recently questioned 
and challenged this classic perspective by reporting nonsignifi- 
cant association between laterality of varicocele and cancer 
diagnosis, in a retrospective study of 4,060 adult varicocele 
patients [16]. 


Anatomic Considerations (Figure 10.1) 


Varicocele formation has traditionally been believed to result 
from defective venous valvular mechanisms in many subjects. 
Ahlberg et al. studies [17,18] have shown completely absent or 
dysfunctional valves within the internal spermatic (testicular) 
veins of many subjects, which was more prevalent in the left 
side as compared to the right side. The last finding may help 
explain the preponderance of left sided varicoceles. Shafik and 
Bedei [19] have clarified other anatomic considerations to help 
identify the reasons of varicocele formation and the left-sided 
preponderance. Whereas the right testicular vein is a direct 
oblique tributary of the inferior vena cava (IVC) shielding the 
right testicular vein from the caval pressure, the left testicular 
vein drains into the left renal vein in a perpendicular fash- 
ion. Such anatomic configuration results in an approximately 
8—10 cm longer left testicular vein and exposes the left testicular 
vein to the higher renal vein pressure. The ensuing increased 
left testicular vein hydrostatic pressure may defeat the valvular 
competency and lead to varicocele formation in some individu- 
als. The compressed left renal vein between the superior mesen- 
teric artery and abdominal aorta can also lead to left varicocele 
formation (nutcracker effect). 


Genetic Considerations 


Genetic predisposition to defective valves and varicocele for- 
mation has been suggested; with chromosomal abnormalities, 
gene mutations, gene polymorphisms, altered gene expression, 
and epigenetic changes all being linked to varicocele [20]. In a 
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FIGURE 10.1 The anatomic configuration of the testicular veins, predis- 
posing to left varicocele formation. 


study by Raman et al. [21] evaluating 62 first-degree relatives 
of varicocele patients, they found 56.5% of them demonstrat- 
ing clinically palpable varicoceles, as compared to only 6.8% 
of 263 controls. Subanalysis of those first-degree relatives with 
clinical varicoceles revealed that 74% were brothers, 67% were 
sons, and 41% were fathers [21]. In another study on the heredi- 
tary behavior of varicoceles, palpable varicoceles were dem- 
onstrated in 33.9% of the first-degree relatives of patients with 
known varicoceles, which was approximately threefold the 12% 
prevalence of control population [22]. Nevertheless, the exact 
underlying genetic mechanisms and inheritance pattern remains 
to be elucidated. 


Pathophysiology 


The pathophysiology of varicocele is still elusive, and a complex 
and multifactorial process is interplaying to insult the testicular 
functions. Increased scrotal temperature (heat stress), increased 
venous pressure, accumulation of toxic materials, hormonal dys- 
function, autoimmune reactions, hypoxia, oxidative stress, and 
apoptosis have all been implicated [23-26]. 

Testicular hyperthermia (heat stress) is the most widely rec- 
ognized varicocele pathophysiological mechanism. To preserve 
ideal testicular functions, human testicles are hosted in the 
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scrotum with its characteristic thin wall lacking subcutaneous 
fat to maintain testicular temperature approximately 1°C-2°C 
lower than the core body temperature. The scrotal pampini- 
form plexus countercurrent heat exchange system proposed 
by Dahl and Herrick [27] plays an integral role in cooling the 
arterial blood during its transport to the testicles. In men with 
varicoceles, many reports have demonstrated various levels of 
increased intrascrotal temperature [28-30]. Animal and human 
studies additionally demonstrated that testicular hyperthermia, 
and heat stress may exert deleterious effects on spermatogenesis 
with increased germ cell apoptosis, increased DNA fragmenta- 
tion, and loss of testicular weight [23,31—33]. 

Several other hypotheses were suggested to explain the del- 
eterious impact of varicocele on testicular functions. Briefly, 
these theories include: (1) testicular hypoxia and oxidative stress 
with increased seminal plasma reactive oxygen species (ROS) 
and reduced antioxidant activity, (2) increased rate of sperm 
DNA fragmentation (SDF), (3) diminished testicular DNA poly- 
merase activity, (4) exaggerated apoptosis of testicular cells, 
(5) Sertoli cell dysfunction, (6) Leydig cell dysfunction with 
declined testosterone biosynthesis, (7) accumulation of gonado- 
toxins due to impaired testicular venous drainage, (8) reflux of 
renal and adrenal metabolites to spermatic venous blood, and (9) 
production of antisperm antibodies [23,34—39]. 

While each of the aforementioned hypotheses has some evi- 
dentiary support, none of the current concepts can precisely 
explain the wide clinical variability of varicoceles, and a mul- 
tifactorial process may be operational to progressively induce 
infertility or other testicular dysfunctions. For instance, many 
men with varicocele are reported to be fertile and having nor- 
mal semen quality, and other men with similar varicoceles are 
infertile or demonstrating abnormal semen parameters. It also 
remains unclear whether and when an otherwise incidental vari- 
cocele may become pathological. Additionally, repair of varico- 
cele may improve the semen quality in some men, but in others 
with similar varicoceles, no improvements are entertained after 
varicocelectomy [14,20,23-26]. 


LSS 
Diagnosis 
Presentation and Physical Examination 


Most men and adolescents with varicoceles are asymptomatic, 
and the condition is usually incidentally identified particularly in 
adolescents. While in adult men, most varicoceles are detected 
during physical examination for infertility evaluation, adolescent 
varicoceles are most often incidental finding during physical 
examination or detected as asymmetrical testicular size or scrotal 
swelling during self-examination. Fewer patients may, however, 
present with scrotal swelling or chronic scrotal pain (2%-10% of 
varicocele patients), especially with prolonged standing or after 
strenuous exercise [40]. 

Physical examination still remains the mainstay in varicocele 
diagnosis and in guiding the management. Meticulous scro- 
tal examination should be done in a warm private room, with 
the patient in both standing and supine positions. The scrotum 
should be first visually inspected for any apparent swelling of 
varicocele, and then the cord is carefully palpated without and 
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with Valsalva maneuver. Coughing can also help diagnosis of 
varicocele by giving impulse on cough. Varicoceles should 
reduce while the patient is in supine position; failure to do so 
should raise the concern about the less common secondary vari- 
cocele and retroperitoneal mass. 

Clinical (palpable) varicoceles are graded, while the patient 
is standing, according to the grading system proposed by Dubin 
and Amelar [41] as follows: 


* Grade I: Palpable only with Valsalva maneuver 


* Grade 2: Palpable without Valsalva maneuver, but 
not visible 


* Grade 3: Palpable and easily visible through the scrotal 
skin (described as a bag of worms) 


The subclinical varicoceles are not palpable even with Valsalva 
maneuver and are typically an incidental finding of scrotal ultra- 
sonography or other diagnostic studies. 

As discussed before, the majority of varicoceles are left sided, 
while right-sided varicoceles are usually part of bilateral varico- 
celes. However, with isolated right-sided varicoceles or irreduc- 
ible varicoceles in the supine position, further investigations are 
warranted for underlying retroperitoneal pathology [14,16,42]. 

Testicular size and consistency should also be examined, and 
it is critical to determine any testicular atrophy or any volume 
discrepancy between left and right testicles. Although ultraso- 
nography is more accurate in sizing the testicles, in clinical prac- 
tice an orchidometer offers reliable measurements of testicular 
volumes [14]. 


Scrotal Ultrasonography 


Duplex ultrasonography is the most commonly used imaging 
study to evaluate varicocele, although it is not recommended for 
routine diagnosis of varicocele. Despite that scrotal ultrasound is 
reported to be a very sensitive (97%) and specific (94%) tool [43], 
ultrasonography is known to be operator dependent, and there is 
no consensus on the criteria for determination of varicoceles by 
ultrasonography. Typical diagnostic criteria include dilation of 
spermatic veins (cutoffs between 2 and 3 mm in diameter) with 
retrograde flow. A spermatic vein diameter >3.0 mm at color 
Doppler with evidence of reversal of flow during Valsalva is gen- 
erally compatible with clinical varicocele. Dilated veins without 
reversed flow do not represent varicoceles. 

Physical examination continues to be the mainstay for diag- 
nosis, and ultrasonography is generally not indicated to merely 
confirm the findings of clinical varicoceles on physical exami- 
nation or to identify the subclinical varicoceles. However, scro- 
tal ultrasound may have a benefit in situations where physical 
examination is indeterminate, such as with obesity, thick scrotal 
skin, small scrotum, high-riding testicles in the scrotum with 
short cord, or previous scrotal surgery; and when suspecting per- 
sistent or recurrent varicocele after previous treatment [42-45]. 
Ultrasonography also plays an integral role in directing the 
management of adolescent varicoceles as it provides accurate 
objective assessment of testicular size and testicular volume dis- 
crepancy, which was shown to be superior to physical examina- 
tion and orchidometer [46,47]. 
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Varicocele and Infertility 


The association between varicoceles and male infertility has 
historically been established. In the contemporary literature, 
varicoceles are reported to exert deleterious effects on germ 
cells, Sertoli cells, Leydig cells, testosterone biosynthesis, tes- 
ticular volume, spermatogenesis, semen quality, sperm func- 
tions, fertilization capacity, embryo implantation, and pregnancy 
outcomes [48]. As described in other sections of this chapter, 
several pathophysiological, genetic, epigenetic, and molecular 
mechanisms are proposed to attribute such deleterious effects of 
varicoceles on testicular functions and spermatogenesis. 

Treatment of varicoceles has also long been reported to 
improve semen quality and fertility, as it was several decades 
ago when Tulloch first reported increased fertility rates following 
high ligation of the spermatic vessels in subfertile patients [49]. 
The more recent literature also supports the early findings of 
Tulloch with several robust randomized controlled trials (RCTs) 
and meta-analyses demonstrating favorable effects of varicocele 
correction on the fertility potential of men with clinical varico- 
celes and abnormal semen parameters, with evident improve- 
ments of semen characteristics and pregnancy rates [2,50—52]. 

The authors have conducted a RCT comparing the efficacy 
of varicocele treatment versus no treatment in infertile men 
with palpable varicoceles and impaired semen parameters [2]. 
Superior improvements of semen parameters in the treatment 
arm compared to no-treatment arm was observed. All semen 
characteristics improved significantly in the treatment arm, 
while none of the semen parameters showed significant change in 
the no-treatment arm. Additionally, the spontaneous pregnancy 
rates—the ultimate goal for infertility couples—demonstrated 
a statistically significant difference favoring treatment of vari- 
coceles (32.996 in treatment arm versus 13.996 in no-treatment 
arm), with an appealingly higher odds ratio (OR) of 3.04 (95% 
confidence interval [CI], 1.33—6.95) for achieving spontaneous 
pregnancy in the treatment arm. 

The semen and pregnancy outcomes of independent meta- 
analyses studies are similarly supporting the favorable effects 
of varicocele treatment in infertile men with clinical varico- 
celes [3,50—52]. A meta-analysis study, investigating the effects 
of varicocelectomy on infertile men with palpable varicoceles 
and abnormal semen quality, reported significant improvements 
of all semen parameters following varicocele treatment [50]. 
In men who underwent varicocele treatment compared to no treat- 
ment, Marmar et al. meta-analysis [51] reported 33% and 15.5% 
pregnancy rates, respectively, while Ficarra et al. [52] reported 
a pregnancy rate of 36.4% and 20%, respectively. In the meta- 
analysis by Baazeem et al. [3], assessing the effects of varicoce- 
lectomy on male infertility, they reported moderately superior 
pregnancy outcomes with treatment of clinical varicocele com- 
pared to observation, although the effect was not statistically sig- 
nificant. They also observed significant improvements of sperm 
criteria (count, total and progressive motility, and sperm ultra- 
morphology), and reduction of sperm DNA damage and seminal 
oxidative stress. After varicocele repair, the mean improve- 
ments in sperm concentration, total sperm motility, and progres- 
sive sperm motility were 12.3 million/mL, 10.86% and 9.69%, 
respectively [3]. Similar to the standard semen parameters, many 
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molecular studies demonstrated improved SDF and decreased 
ROS in semen following varicocele correction. The last findings 
may explain the occasions of reported improved pregnancy rates 
despite unchanged standard semen parameters [5,53—56]. 

On the other hand, despite the compelling evidence favoring 
treatment of varicoceles, some other studies argue against the 
beneficial role of varicocelectomy. Nieschlag et al. comparing 
varicocele treatment to counseling in an RCT, reported non- 
significantly different pregnancy rates at the end of 12-month 
study period in both groups (29% vs. 25%, respectively), to con- 
clude that counseling is as effective as treatment in achieving 
pregnancy [57]. Despite the Nieschlag et al. trial being method- 
ologically correct, the high dropout rate of 38.4% notably jeop- 
ardized its results and conclusions. To further cloud the scene, 
Evers and Collins systematic reviews [58,59] reported no signifi- 
cant difference in pregnancy odds among varicocele-treated men 
compared to no treatment; suggesting no advantage with varico- 
cele repair. Nevertheless, in these meta-analyses, the investiga- 
tors included men with subclinical varicoceles or normal semen 
criteria, which critically undermined their findings. The lack 
of difference may also be attributable to not reporting preg- 
nancy as a main outcome variable. Including large-sized studies 
reporting only limited pregnancy outcome data into the meta- 
analyses may give these studies more weight and may drive the 
overall conclusion to be weighted toward no effect [51]. Again, 
several robust studies, which excluded patients with subclinical 
varicoceles or normal semen characteristics, showed significant 
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favorable effects of varicocele treatment on the fertility status 
of men with palpable varicoceles and abnormal semen parame- 
ters, with evident improvements of semen quality and pregnancy 
outcomes [2,50—52]. 


Varicocele and Assisted Reproduction 


Assisted reproductive techniques (ART), including intrauterine 
insemination (IUI) and in vitro fertilization (IVF) with or with- 
out intracytoplasmic sperm injection (CSI), are tools that can 
be used to assist conception in infertile couples. Some infertile 
adults with clinical varicoceles and oligospermia or azoospermia 
may elect to use either ART alone or ART combined with initial 
varicocele treatment. Evidence from several studies has convinc- 
ingly suggested a potential benefit of varicocele repair prior to 
ART in pregnancy outcomes [60.61]. 

Figure 10.2 summarizes the potentially favorable outcomes of 
pregnancy rates and sperm-retrieval rates when combining ini- 
tial varicocele treatment with ART [60]. 


Varicocelectomy in Men with Oligospermia 


The current evidence of efficacy of IUI following varicocelec- 
tomy is suboptimal and was driven from a dearth of poor quality 
studies that hinder a meta-analysis [60]. The available studies 
of men having initial varicocele repair and followed by IUI 
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FIGURE 10.2 ART with or without prior varicocele treatment: Summary of pregnancy rates and sperm retrieval rates in men with clinical varicoceles and 


oligospermia or azoospermia. (ART, assisted reproductive techniques; ICSI, intracytoplasmic sperm injection; IUI, intrauterine insemination; IVF, in vitro 
fertilization). (Reproduced from Kohn, T.P. et al., Fertil. Steril., 108, 385—391, 2017. With permission.) 
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documented widely ranging pregnancy rates of 7.7% to 50% and 
mostly failed to find a statistically significant difference when 
compared to no varicocele treatment. Thus, it is currently a chal- 
lenge to draw any solid conclusions, and future robust studies are 
welcome to assess the effects of varicocelectomy prior to IUI on 
pregnancy outcomes [61]. 

Multiple studies have explored the relationship between vari- 
cocele treatment and outcomes of IVF and IVF/ICSI in men with 
severe oligospermia and varicoceles to strongly suggest synergy 
between varicocele correction and these techniques. Ashkenazi 
et al., early in 1989, reported that varicocele correction when 
combined with IVF yielded improved pregnancy rates [62]. Two 
decades later, another publication by Esteves et al. [63] compared 
IVF/ICSI outcomes in two groups of men with oligospermia 
and clinical varicoceles, who either underwent prior varicocele 
treatment or no treatment. The characteristics of the male and 
female partners were comparable in both groups. The investiga- 
tors reported improved pregnancy outcomes with IVF or IVF/ 
ICSI in men with varicocelectomy who demonstrated 60% clini- 
cal pregnancy rate and 46.276 live birth rate, while men with 
untreated varicocele achieved 45% and 31.4% rates, respectively; 
with an impressive 1.87 OR for live birth after varicocelectomy. 
The investigation by Gokce et al. [64] has confirmed the findings 
of Ashkenazi et al. and Esteves et al. They have observed that 
couples with men who underwent varicocele treatment exhib- 
ited a higher pregnancy rate (62.5% vs. 47.1%; p = 0.01) and live 
birth rate (47.696 vs. 29.096; p « 0.001), compared to untreated 
varicocele men, respectively, concluding that varicocele repair 
prior to IVF/ICSI resulted in improved pregnancy rates in men 
with varicocele and oligospermia [64]. Conversely, the study by 
Pasqualotto et al. [65], although retrospective and had some cri- 
tiques and bias undermining its conclusions, has challenged the 
association between varicocele correction and success of IVE/ 
ICSI in oligospermic men. Their study on oligospermic patients, 
who received or did not receive varicocele correction, showed no 
significant difference in IVF/ICSI success with pregnancy rates 
of 30.9% and 31.1% and miscarriage rates of 23.9% and 21.7%, 
respectively. A meta-analysis [60] of the findings of those four 
studies [62—65] demonstrated that varicocele repair in oligosper- 
mic men prior to IVF or IVF/ICSI did not significantly improve 
pregnancy rates (OR 1.70, 95% CI 0.95-3.02) but did improve 
live birth rates (OR 1.70, 95% CI 1.02-2.72). 


Varicocelectomy in Men with Azoospermia 


Nonobstructive azoospermia (NOA) refers to repeated inability 
to detect sperm in the semen due to testicular dysfunction, which 
was reported in 1% of all men and 10% of infertile men. Palpable 
varicoceles were previously reported in 4.3% to 13.3% of infer- 
tile patients with NOA [66]. IVF/ICSI, coupled with microsur- 
gical testicular sperm extraction (mTESE) have revolutionized 
NOA management and allowed successful pregnancies using tes- 
ticular sperm [67,68]. Varicocele correction has been reported to 
recover motile sperm in the ejaculate of some men with NOA [69— 
74], which may obviate the need for mTESE for IVF/ICSI or 
downgrade the level of ART required for pregnancy. Treatment 
of varicoceles was also reported to significantly increase mTESE 
sperm-retrieval rate, improve ICSI clinical pregnancy and live- 
birth rates, and decrease the miscarriage rate in infertile couples 
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with male NOA and clinical varicocele [60,61,75,76]. In the meta- 
analysis of Kirby [60], the NOA men with surgically repaired 
varicoceles had a significantly higher sperm-retrieval rate (OR 
2.51, p = 0.0001), pregnancy rate (OR 2.34, 95% CI 1.02-5.34), 
and live-birth rate (OR 2.21, 95% CI 0.99-4.90), compared to 
no-treatment men. 


Varicocele and Testosterone 


The traditionally known hypothesis of varicoceles insult on germ 
and Sertoli cells has more recently extended as a pantesticular 
insult involving the Leydig cells as well. Impaired testosterone 
biosynthesis due to Leydig cell dysfunction is currently acknowl- 
edged as a potential sequel of varicocele and was reported to be 
reversible with varicocele treatment [77-84]. 

Tanrikut et al. [82] reported that men with varicoceles had 
significantly lower testosterone levels than control men without 
varicocele; with means (SDs) of 416 (156) and 469 (192) ng/dL, 
respectively. They also observed significant increase of serum 
testosterone in two-thirds of men after varicocelectomy; from 
358 (126) to 454 (168) ng/dL [82]. A meta-analysis of the effect 
of varicocele correction on testosterone biosynthesis in infer- 
tile patients has demonstrated significant increase of mean tes- 
tosterone level by 97.48 ng/dL (95% CI 43.7-151.2) [84]. In our 
adequately powered study [77], we have observed that only men 
with preexisting biochemical hypogonadism (<300 ng/dL) had 
experienced significant increase of testosterone levels following 
varicocele repair with a mean testosterone increase of 93.7 ng/dL 
in contrast to 8.6 ng/dL in eugonadal men. 


Subclinical Varicocele 


Subclinical varicoceles are nonpalpable varicoceles even with 
Valsalva maneuver and are typically an incidental finding of 
scrotal ultrasonography or other diagnostic studies. Although 
repair of clinical varicocele is reported to improve semen quality 
and fertility potential [2-4], there remains significant disagree- 
ment as to whether or not subclinical varicoceles should be iden- 
tified or treated [85]. 

To determine the effect of subclinical varicocele repair on 
semen criteria and pregnancy rates, Kim et al. conducted a 
systematic review with meta-analysis of seven RCTs, includ- 
ing 276 men in the varicocelectomy arm and 272 men in the 
no-treatment or clomiphene citrate arm [85]. They reported no 
statistically significant difference in sperm concentration (mean 
difference [MD] 0.92, 95% CI —0.36—2.19), total sperm motil- 
ity (MD 3.83, 95% CI -4.07-11.73), sperm morphology (MD 
0.61, 95% CI —1.29—2.50), or pregnancy rate (OR 1.29, 95% CI 
0.99—1.67). However, varicocelectomy demonstrated statistically 
significant improvement on forward progressive sperm motility 
(MD 3.94, 9596 CI 1.24—6.65). The evidence driven from Kim 
et al. meta-analysis is not sufficient to draw solid conclusions 
due to low quality of included studies, and more investigations 
are required. However, it is generally accepted that subclinical 
varicoceles have not demonstrated to impact the fertility, and 
correcting subclinical varicoceles has not proved to improve the 
fertility status. 
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In the subset of patients with bilateral varicocele where there 
is left clinical varicocele and right subclinical varicocele, several 
reports have demonstrated that bilateral varicocelectomy has a 
more favorable effect on male fertility and pregnancy outcomes, 
compared to unilateral varicocelectomy [86—90]. However, there 
is still no agreement on the management of bilateral varicoceles, 
particularly when one side is subclinical. 

Notably, the subclinical varicocele in adolescence has 
been reported to progress over time and requires long-term 
follow-up [91]. 


Adolescent Varicocele 


Adolescent varicoceles remain a very controversial area in terms 
of management, surveillance strategies, need of intervention, and 
outcomes of treatment. While it is obvious that some vulnerable 
boys if left untreated will experience fertility issues during adult- 
hood, overtreatment remains a concern in this large population. 
Given the known association between varicoceles and infertil- 
ity in adults, and the progression of adolescent varicoceles, it 
is believed that varicoceles may jeopardize the future fertility 
of the adolescents and young youths by negatively impacting 
spermatogenesis and sperm parameters and by reducing tes- 
ticular volume (testicular hypotrophy) [92]. Conversely, 8096 
of adult men with varicoceles are known to be fertile, and it is 
not exactly known which adolescence varicoceles will eventu- 
ally lead to adult infertility [6,14,47]. Therefore, several studies 
have attempted to improve the surveillance strategies by iden- 
tifying criteria determining which varicoceles will affect future 
testicular functions and fertility and who would need and benefit 
from varicocele correction. The criteria included a combination 
of grade of varicocele, testicular volume discrepancy, total tes- 
ticular volume, and semen parameters [47]. Active surveillance 
of adolescent varicoceles includes repeated ultrasonography and 
yearly physical examination, with or without semen analyses, to 
identify accelerated testicular damage. When the patient reaches 
Tanner V stage, care can be transitioned to an adult urologist for 
further evaluation of fertility potential [93]. In addition to physi- 
cal examination, objective assessment of testicular size using 
an orchidometer and verification by ultrasound is of paramount 
importance to guide the management of adolescent varicoceles. 
Ultrasonography has been reported to be superior for objective 
assessment of testicular size asymmetry, which is an essential 
element for evaluation and follow-up of adolescent varicoceles. 
Therefore, serial ultrasonographic assessments are necessary to 
demonstrate worsening, improving, or stable testicular size dis- 
crepancy prior to embarking to intervention [46,47]. 

Given the lack of objective indicators of spermatogenesis, 
such as semen parameters, and absent parenthood information, 
traditionally, objective testicular size discrepancy has been the 
most widely accepted indication for intervention in adolescent 
varicoceles. However, controversy remains regarding the exact 
volume difference to consider repair, the follow-up duration prior 
to treatment, and the impact of spontaneous testicular catch-up 
growth. Various measurements were used to indicate clinically 
relevant testicular asymmetry and to indicate repair; including 
relative volume differences of 1096, 1596, or 2096, or an absolute 
volume difference of 2-3 mL [47,94—96]. The >20% testicular 
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size discrepancy is the most widely used criterion to indicate a 
"significant" difference [47]. 

Several studies and meta-analyses have shown that repair of ado- 
lescent varicocele favorably affects sperm criteria and may dem- 
onstrate increased testicular volume; known as "testicular catch-up 
growth” [92,93,97-99]. A recent meta-analysis by Silay et al. [92] 
assessed intervention versus observation in 16,130 (7-21 years old) 
children and adolescents with varicocele, in 98 articles (12 RCTs, 
47 nonrandomized studies, and 39 case series). Varicocele repair 
increased testicular volume (MD 1.52 mL, 95% CI 0.73-2.31) and 
improved total sperm count (MD 25.54, 9596 CI 12.84—38.25), as 
compared to no treatment. The authors concluded that, in terms 
of improved testicular volume and sperm count, there is moder- 
ate evidence favoring repair of varicoceles in children and adoles- 
cents. Nonetheless, improved surveillance strategies and refined 
accuracy in diagnosis of clinically relevant adolescent varicoceles 
prompting treatment are still required. 


Varicocele and Scrotal Pain 


Varicocele is typically asymptomatic, although 2*6 to 1096 of var- 
icocele patients present with pain [100]. The mechanism of pain 
is poorly understood, but the possible mechanisms include com- 
pression of the surrounding neural fibers by the dilated veins, in 
addition to those mechanisms described in the previous section 
of pathophysiology of varicoceles [40]. Pain related to varico- 
cele is typically acknowledged as heaviness, dull aching pain, or 
throbbing pain in the testicle(s), scrotum, or groin(s). Rarely, pain 
can manifest as acute, sharp, or stabbing. Typically, varicocele- 
related pain exacerbates with exercise, strenuous activity, or after 
prolonged standing [40,47]. 

Conservative management should be attempted first for 
varicocele-related pain; consisting of scrotal support, oral nonste- 
roidal anti-inflammatory drugs, and limitation of strenuous activ- 
ity. If no response to conservative management and the patient 
with clinically palpable varicocele describes the characteristic 
varicocele-related pain, varicocele repair is an option [40,47]. 

Varicocele treatment, in carefully selected patients, resolves 
the pain in approximately 80% of them. The predictors of success- 
ful varicocelectomy include grade of varicocele, characteristics 
and duration of pain, body mass index, prior conservative treat- 
ment, and the used surgical technique. Microsurgical techniques 
for varicocele repair have yielded favorable outcomes with the 
least complication rates [40]. However, it is notable that despite 
resolution of the palpable varicocele, pain may not resolve [101], 
and it may be wise not to give the patient a "guarantee" that the 
pain will completely resolve. 


Varicocele and Sexual Dysfunction 


The associations of varicocele and erectile dysfunction (ED), 
premature ejaculation, and hypoactive sexual desire have been 
suggested in very few studies [102—107]. In a population-based 
study [105] evaluating varicocele-ED associations, the youngest 
men with ED demonstrated the highest magnitude of associa- 
tion after stratifying by age (OR: 5.2, CI 3.27-8.28; p « 0.001). 
A declining trend in magnitude of association was observed 
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with increasing age when compared with matched controls. 
This varicocele-ED association persisted after varicocelectomy, 
although the magnitude of association (OR: 1.92, CI 1.52-2.43) 
was significantly lower than in untreated men (OR: 3.09, CI 
2.67—3.49; p « 0.001) [105]. Some studies also demonstrated sig- 
nificant improvements of patient-reported sexual functions after 
varicocele repair [103,104], which was found to correlate with 
the improvement of serum total testosterone [104]. 


Varicocele Repair Indications 


Given, on one hand, the high prevalence of varicoceles and the 
concern of overtreatment, whereas on the other hand considering 
the strong belief that varicoceles may harm the fertility potential 
of some vulnerable males; identifying the proper treatment indi- 
cations, and proper patient selection for varicocele repair is one 
of the most critical issues in this area of medicine. 

This section of *varicocele repair indications" is based on the 
recommendations of the American Society for Reproductive 
Medicine (ASRM) Practice Committee guideline [108] and on 
the discussions presented in the previous sections of this chapter. 

The ASRM practice committee proposed the following situa- 
tions of varicoceles and their recommended management [108] is 
summarized in Table 10.1. 

According to the practice committee opinion of ASRM, “vari- 
cocele treatment is not indicated in patients with either normal 
semen quality, isolated teratozoospermia, or a subclinical varico- 
cele" [108]. Further details on the management of subclinical var- 
icoceles are provided in the section of "Subclinical varicocele." 


TABLE 10.1 
The ASRM Recommended Management for Varicoceles 
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As discussed in the preceding sections of this chapter, some 
authors [81] have proposed extending the indications of vari- 
cocele repair to include men with hypogonadism [77-84], men 
with increased DNA fragmentation rates [53-55], and men with 
NOA [69—76,81] (aiming to recover ejaculate sperm or to opti- 
mize the sperm-retrieval rate prior to mTESE, and to improve 
the IVF pregnancy outcomes). However, these indications are 
still in need for robust evidence to support their applicability. 


Varicocele Repair Techniques 


Two basic approaches are used to repair varicocele: surgery or 
percutaneous embolization. 

The surgical techniques entail ligation and division of the sper- 
matic veins, while preserving the vassal veins to drain the testis. 
Surgical approaches include the open subinguinal, inguinal, ret- 
roperitoneal, or laparoscopic approach. Most varicocele experts 
utilize the subinguinal or inguinal microsurgical approach, with 
sparing of the spermatic arteryie(s) and lymphatic vessels, thus 
minimizing the risks of varicocele persistence or recurrence 
(1% to 2%), arterial injury, or hydrocele formation [109,110]. 
The retroperitoneal approach, through an open small abdomi- 
nal incision, is still used by some surgeons. Laparoscopy has 
been less frequently used for varicocele repair and may carry 
additional risks of complications and major vascular or bowel 
injury [111]. The high ligation approaches (retroperitoneal or 
laparoscopic) also carries higher rates of recurrence (up to 15%) 
and, thus, are considered inferior to the subinguinal or inguinal 
approaches [109,110]. 


Varicocele Situation 


Management 


When the couple attempting to conceive and, when most or all of following conditions are met: 


* The couple has known infertility; 
* The varicocele is palpable on physical examination; 
* The male partner has abnormal semen parameters; and 


Treatment of the varicocele should be considered 


* The female partner has normal fertility or a potentially treatable cause of infertility, and time 


to conception is not a concern. 


An adult male who is not currently attempting to achieve conception but has: 


* A palpable varicocele, 

* Abnormal semen analyses, 

* A desire for future fertility, or 

* Pain related to the varicocele. 
Young adult males who have: 

* Clinical varicoceles, 

* Normal semen parameters. 


Low serum testosterone levels with varicocele 
Adolescent males who have: 

* Unilateral or bilateral varicoceles and 

* Objective evidence of ipsilateral reduced testicular size. 
Adolescent males who have: 

* Unilateral or bilateral varicoceles and 

* No objective evidence of reduced testis size. 


Source: 


Abbreviation: ASRM, American Society for Reproductive Medicine. 


Candidate for varicocele repair. 


Should be offered monitoring with semen analyses every 
] to 2 years. 

(Risk for progressive testicular dysfunction, monitor to 
detect the earliest sign of reduced spermatogenesis). 

Some advocate treatment 


Candidates for varicocele repair 


Should be followed with annual objective measurements 
of testis size or semen analyses to detect the earliest 
sign of varicocele-related testicular injury. 

Varicocele repair may be offered on detection of 
testicular or semen abnormalities. 


Practice Committee of the American Society for Reproductive Medicine, Society for Male Reproduction and Urology, Fertil. Steril., 102, 1556-1560, 2014. 
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Percutaneous embolization [112] of varicoceles is performed 
by an interventional radiologist who uses metal coils, balloons, 
or sclerozing material to occlude the dilated refluxing sper- 
matic veins under fluoroscopic guidance. Although this tech- 
nique produces less pain than the inguinal approach, failure to 
access the internal spermatic veins because of technical diffi- 
culties was reported in up to 20% of cases. Additionally, recur- 
rence rates (15%) are higher with percutaneous embolization 
than the microsurgical approaches. The outcomes and compli- 
cations of percutaneous embolization are variable depending 
on the skill and experience of the interventional radiologist. 
The reported complications include vascular injury, migra- 
tion of coil or balloon, and risk of contrast complications 
and allergic reactions. There is also a concern regarding the 
potential effects of radiation exposure on men with suboptimal 
spermatogenesis [112]. 

Although these techniques differ in complications and recur- 
rence rates, none of them has been proven superior regarding fer- 
tility outcomes [109]. The fertility outcomes of surgical repair 
of varicoceles are presented in more details in the previous 
sections of "infertility, subclinical varicoceles, and adolescent 
varicoceles." 


Future Perspectives 


Varicocele is a very prevalent condition among males that car- 
ries a potential risk of impaired fertility in a subset of vulnerable 
persons. Repair of varicocele may revert the deleterious effects 
of varicoceles in many males. Unfortunately, due to an incom- 
plete understanding of the pathophysiology, precise identifica- 
tion of the vulnerable persons and prediction of persons who 
actually need treatment and may respond favorably to repair 
is still lacking. Hopefully, the near future carries the solution, 
probably through genetic, epigenetic, proteomic, and molecular 
markers. 

Although the advancement of the optical systems in surgical 
microscopes and the refinement of microsurgical instruments 
and Doppler probes are remarkable, continued advancements 
are still welcome. The introduction of the robot into varicocele 
repair techniques is already on the horizon; soon it will deter- 
mine its role in the setting of varicocelectomy. 
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Azoospermia 


Medhat Amer, Emad Fakhry, and Botros Rizk 


Azoospermia as defined by a complete absence of sperm in the 
ejaculate after centrifugation of two different semen specimens 
can affect about 1%-2% of males and 10%-15% of infertile 
males [1,2]. 

Obstructive azoospermia (OA) is the absence of spermatozoa 
in the ejaculate secondary to a transport failure between the tes- 
tis and urethra. It may be caused by a congenital or acquired 
blockage anywhere along the male genital tract, the epididymis, 
the vas deferens, or the ejaculatory duct [3]. Two-thirds of azo- 
ospermic cases are categorized as nonobstructive azoospermia 
(NOA) caused by spermatogenic failure (i.e. failure to produce 
sperm in the testes with a spectrum of various causes of intrinsic 
testicular impairment). Fortunately, focal areas of sperm produc- 
tion may be found in some of those men [4]. 

The presence of less than 1,000 spermatozoa/mL in semen 
after centrifugation while none are seen in the initial evaluation 
is called “cryptozoospermia”. Patients with cryptozoospermia 
can be diagnosed with transient (virtual) azoospermia, which 
means that only a few mature spermatozoa may be found in their 
ejaculate. This is likely due to variable spermatogenesis in some 
NOA cases [5]. Also, it is very important to determine if par- 
tial obstruction (as partial ejaculatory duct obstruction [EDO]) 
is present, as severe oligospermia or oligoasthenoteratospermia 
may result [6]. Therefore, cryptozoospermia may represent a 
phase near the end of a spectrum for both types of azoospermia 
that begins with oligozoospermia. 


Etiology of Obstructive Azoospermia (OA) 


Congenital OA can be a result of congenital bilateral absence 
of vas deferens (CBAVD) usually accompanied by mutations of 
the cystic fibrosis transmembrane regulator (CFTR) protein, that 
would result in absent vasa and partial or complete absence of 
the epididymis [7]. 

Acquired causes of obstruction of the vas deferens would 
include vasectomy, iatrogenic injury following inguinal hernia 
repair/spermatocelectomy/hydrocelectomy, or less commonly 
vasography performed with improper technique. Epididymal 
obstruction can occur as a result of increased epididymal intra- 
tubular pressure from extended vasal obstruction leading to an 
obstructing sperm granuloma and following pelvic or scrotal 
trauma. Iatrogenic epididymal obstruction can follow hydroce- 
lectomy, percutaneous/microsurgical epididymal sperm aspira- 
tion (PESA/MESA), or unintentional epididymal biopsy [8,9]. 


Severe epididymal inflammation (epididymitis), seminal vesi- 
cles, prostate, or lower genitourinary tract infection may lead to 
male ductal obstruction. EDO manifested in 1%-5% of infertile 
men can be caused by trauma, infection, surgery, or congenital 
Miillerian duct cysts [6] (Table 11.1). 

Bilateral ejaculatory duct obstruction and congenital absence 
of the vas deferens would result in small volume ejaculate that 
should be differentiated from ejaculatory dysfunction, which 
results in failure of emission and semen expulsion outside the 
urethral opening (aspermia) as in retrograde ejaculation (diabetic, 
pharmacological, or surgical sympathectomy) or spinal cord 
injury cases. 


Etiology of Nonobstructive Azoospermia (NOA) 


Common conditions associated with NOA include genetic 
(e.g., Y-chromosome  microdeletions and Klinefelter syn- 
drome [KS]) and congenital abnormalities (e.g., cryptorchidism), 
post infectious (e.g., mumps orchitis), exposure to gonadotoxins 
(e.g., radiotherapy/chemotherapy), testicular trauma, and idio- 
pathic. Also, NOA can be caused by congenital and acquired 
forms of hypogonadotropic hypogonadism, which is a rare endo- 
crinal disorder caused by the absence of adequate stimulation by 
the pituitary gonadotropins [10] (Table 11.1). 


Clinical Differentiation between Obstructive 
and Nonobstructive Azoospermia 


History, physical examination, and hormonal analysis can help 
distinguish NOA from OA (Figure 11.1). 

Developmental history may reveal a history of delayed puberty 
in patients with congenital hypogonadism or KS. Surgical opera- 
tions in the scrotal or inguinal regions must be documented. 
For example, orchidopexy can result in vasal or epididymal injury 
or may compromise testicular blood supply. The risk of infertil- 
ity is higher in those who had bilateral undescended testis and 
azoospermia can be found in 89% of untreated adult men. A his- 
tory of cryptorchidism and orchidopexy can be found in 10% of 
infertile men [11]. Scrotal and inguinal surgeries like inguinal 
hernia repair, varicocelectomy, hydrocelectomy, and testicular 
biopsy can compromise the epididymis or vas deferens result- 
ing in obstructive azoospermia. Transurethral procedures may 
cause obstruction of the ejaculatory duct. Postpubertal mumps 
orchitis may cause NOA. Systemic illnesses, such as Cystic 
fibrosis (CF), is typically associated with congenital absence of 
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the vas deferens. Young syndrome is a rare condition, which is 
manifested by repeated respiratory infections and can also be 
associated with OA [12]. 

A history of sexually transmitted diseases should be docu- 
mented. Epididymitis can lead to epididymal obstruction. 
Marijuana, cimetidine, nitrofurantoin, cholesterol-regulating 
agents, and alkylating chemotherapeutic drugs can impair sperm 
production. However, many of the drug labels currently in use 
in the market (e.g., some anti-inflammatory drugs) lack specific 
information regarding their impact on spermatogenesis. Those 
drugs may affect sperm production and maturity, but the exact 
mechanism is unknown due to lack of proper testing trials [13]. 
Patients with a history of malignancy treated with chemotherapy 
agents or radiation can develop NOA. Any severe febrile illness 
during the previous 2 months can cause a decrease in sperm pro- 
duction up to azoospermia, keeping in mind that spermatogen- 
esis is a process that takes 74 days to be completed. The phases 
most susceptible to fever with respect to sperm concentration are 
the meiotic phase and the postmeiotic phase (spermiogenesis) 
from early primary spermatocytes to early spermatids. Sperm 
morphology and motility are most susceptible to fever during the 
postmeiotic phase [12]. 

Physical examination is critical and may show evidence 
of delayed or absent puberty in men with hypogonadism. 
Disproportionately long limbs with delayed epiphyseal closure 
are a sign of hypogonadism. Obesity, gynecomastia, and anosmia 
should be looked for and documented if present. The distribution 
and density of hair should also be documented [14]. 

The genital examination may reveal previous incision sites 
that suggest previous inguinal or scrotal surgery. The penis 
and the urethral opening should be examined as well. Skin 
lesions that may be caused by sexually transmitted diseases 
(STDs) such as venereal warts may suggest the occurrence 
of concomitant epididymitis as a possible complication of 
another STD. Testicular size, consistency, and masses should 
also be assessed. As most of the testicular parenchyma (85%) 
is involved in spermatogenesis, reduced testicular volume 
may be associated with defective sperm production. In the 
setting of OA, testicular volume is typically normal, but the 
epididymis may feel full or indurated. However, NOA may 
show small, soft testes with a flat and soft epididymis. Any 
abnormality in testicular consistency or the presence of 
masses should be further evaluated by scrotal ultrasound 
examination due to potential risk of testicular cancer in such 
men. KS can be suspected with very small (less than 5 cc) 
and firm testes. This syndrome is one of the most common 
chromosomal abnormalities that are found in newborns. 
Almost all the patients with KS have a 47 XXY karyotype 
(mosaic cases may be rarely found). Its incidence is -1 in 
500-1,000 live births in men. KS is originally described as a 
syndrome with gynecomastia, azoospermia, and other mani- 
festations of hypogonadism [15]. 

Inability to palpate the vas deferens (normally felt as a firm cord 
structure) may denote congenital unilateral/bilateral absence of 
the vas or hypoplastic epididymal development. The spermatic 
cord is palpated for the presence of varicocele. The man is exam- 
ined while standing in a warm room. For large varicoceles, the 
dilated vessels are either easily palpable or visible in the scrotum. 
The patient is asked to perform a Valsalva maneuver while 
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palpating the cord with the index and thumb fingers to feel a dis- 
tinct impulse (grade 1 varicocele), as the increase in abdominal 
pressure reverses the venous flow temporarily back into the sper- 
matic veins. The male must be examined in the supine position to 
be sure that the varicocele disappears; as if not reducible it would 
suggest the presence of a retroperitoneal mass. In the post vasec- 
tomy setting, examination should focus on vasal gaps, location 
of vasectomy site, and presence of vasectomy granuloma [16,17]. 

Rectal examination is important to reveal dilated seminal 
vesicles indicating ejaculatory duct obstruction and also to rule 
out midline cysts. An inflammed prostate may point to infection, 
which is a potential cause for OA [18]. 


Preliminary Laboratory Diagnosis Obstructive 
and Nonobstructive Azoospermia 


Semen Analysis 


A semen analysis should be performed at least 3 times over a 
6-month period with a 48-hour period of abstinence. A centri- 
fuged semen sample must be analyzed to diagnose azoospermia. 
The ejaculate of NOA patients typically have normal semen vol- 
ume (21.5 mL) and pH (27.2). A normal pH indicates the presence 
of seminal vesicles and the patency of ejaculatory ducts. Low 
volume, low pH, and absence of fructose would indicate either 
EDO or congenital absence of the seminal vesicles, which are the 
main producers of semen volume, alkalinity, and fructose [19]. 

Low-volume ejaculate may be caused by testosterone defi- 
ciency, which can cause NOA. Retrograde ejaculation as another 
cause of low-volume semen can be diagnosed by the presence of 
sperm in the urine analysis after ejaculation, ruling out the diag- 
nosis of azoospermia. Retrograde ejaculation occurs when there 
is disruption of the sympathetic innervation of the bladder neck 
impairing its resistance to the high pressure generated by the 
pelvic floor muscles during ejaculation. This would lead to redi- 
rection of semen into the bladder. The cause may be pharmaco- 
logic, from alpha sympatholytic action at the bladder neck (alpha 
blockers, antipsychotics, ganglion blockers); or surgical, from 
disruption of the sympathetic pathways that potentiate bladder 
neck contracture (retroperitoneal pelvic lymph node dissection, 
spinal cord injury, transurethral resection of the prostate). Long- 
standing diabetes is another etiology, causing 30% incidence of 
retrograde ejaculation among those with diabetes [20]. 

Increased leucocytes in urine analysis can verify an OA of 
infectious origin because uropathogens are the main causes of 
inflammatory diseases of the male genital tract (e.g., epididymitis, 
which may lead to ductal obstruction). 

Amer et al. [21] have reported that the presence of round sper- 
matids in semen by May-Grünwald Giemsa stain have a predic- 
tive value for successful testicular sperm retrieval and also has 
the advantages of simplicity and availability. 

Numerous proteins found in seminal plasma as seminal pro- 
tein LGALS3BP and seminal leptin are directly related to sperm 
production and maturation or with its binding to the zona pel- 
lucida. The testis-specific protein TEX101 and the epididymis- 
expressed protein ECMI were also validated as biomarkers for 
the differential diagnosis of NOA versus OA [22]. Seminal AMH 
was not related to sperm retrieval in NOA men as suggested 
before [23]. 
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Hormonal Studies 


The hypothalamic-pituitary-gonadal (HPG) axis controls sper- 
matogenesis, which requires the presence of normal level of follicle- 
stimulating hormone (FSH) and testosterone in high concentrations 
in the testicles. Normal hormonal profiles are detected in men with 
pure OA, and many men (about 25%-35%) with NOA have high 
FSH levels caused by the lack of feedback inhibition from the dys- 
functional seminiferous tubules. It must be emphasized that FSH 
level has only a moderate diagnostic value as an independent predic- 
tor for sperm retrieval in patients with NOA. Luteinizing hormone 
(LH) levels are usually elevated or within normal upper limits in 
these men. Hypogonadism, as indicated by low testosterone levels, 
is seen in approximately half the patients with NOA and generally 
reflects Leydig cell insufficiency, so the term “hypogonadotropic 
hypogonadism” can be given to such patients [18]. 

Hypogonadotropic hypogonadism is a rare endocrinal condi- 
tion caused by spermatogenic failure due to absence of adequate 
gonadotropins stimulation. Those patients are easily recog- 
nized as the levels of pituitary gonadotropins and androgens are 
remarkably low, and they present with signs of either absent or 
poor virilization. Hypothalamic hypogonadism (e.g. Kallman 
syndrome) is a hypothalamic defect and usually is accompanied 
by low levels of FSH, LH, and testosterone [24]. 

Low testosterone levels may also result from obesity with elevated 
serum levels of estradiol because of increased peripheral aromatiza- 
tion (by aromatase enzyme in the fat tissue) of C19 androgens [25]. 
High estradiol levels would decrease LH and FSH secretion and 
inhibit testosterone biosynthesis. Low testosterone in obese men 
can denote an adaptation to changed sex hormone binding globulin 
(SHBG) levels and not a true testosterone deficiency [26]. 

Elevated levels of prolactin can cause a secondary NOA as it 
decreases LH and FSH release. Decreased libido, recent erectile 
dysfunction, or visual field changes in an azoospermic man may 
denote the presence a prolactinoma [27]. 


Diagnostic Tests for Azoospermia 
Imaging Procedures 


Scrotal ultrasound can detect structural abnormalities of the epi- 
didymis, varicocele, and intratesticular masses, which can help 
to confirm the etiology of azoospermia. A transrectal ultrasound 
can assess for prostatic cysts or dilatation of the seminal vesicles 
that can be found in men with EDO [28]. For men presenting with 
CUAVD and negative CFTR mutation testing, renal ultrasound is 
indicated because at least 20% of these men can have ipsilateral 
renal agenesis. A predictive value for sperm presence based on 
testicular concentration of phosphocholine and taurine using H 
magnetic resonance spectroscopy (MRS) was proposed, but the 
mentioned studies are not straightforward for clinical laboratory 
use and need proper expertise to handle the instrumentations [29]. 


Genetic Testing 


Chromosomal abnormalities can be detected in about 1496 of 
azoospermic men; its occurrence is more in hypergonadotropic 
azoospermia (20% compared to normogonadotropic azoosper- 
mia 4.9%). KS accounted for 83% of abnormalities in hypergo- 
nadotropic azoospermia [30]. 
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Men with CBAVD show higher incidence of anomalies in 
the CF gene found at the q31.2 locus of chromosome 7 [7]. 
More than 2,000 mutations were described in the CFTR gene. 
About 7896 of CBAVD cases had one or more mutations, while 
46% had two mutations in compound heterozygosity. An intron 
8 splice variant (IVS8—5T), that may cause skipping of exon 9, 
is a frequent variant found in CBAVD. It was found that about 
196—296 of European CBAVD cases have a homozygous 5T gen- 
otype, which would increase to 21% in Egyptian patients and 
19% in Taiwanese patients [31]. For men with CFTR mutations, 
female partner testing and genetic counseling is mandatory 
before ART. 

In the long arm of the Y chromosome, three regions of micro- 
deletions were detected in 776 of infertile men. A microdeletion 
is a chromosomal deletion that spans over some genes, but cannot 
be detected by karyotyping due to its small size [32]. The long 
arm of the Y chromosome has a region at Yqll that contains 
26 genes, which are important for spermatogenesis regulation. 
This region is called azoospermia factor (AZF) as its microdele- 
tions are often associated with azoospermia. The most frequent 
deletion subtypes that have been found in men with NOA is 
the AZFc region (80%), AZFb (196—596), AZFa (0.596—496), and 
AZFbc (176—396) regions [33]. 

Deletions of the AZFa or AZFb regions will present with azo- 
ospermia and testicular sperm extraction (TESE) is not recom- 
mended in those cases. Partial deletions in AZFa and AZFb may 
have residual sperm production. Subjects with complete AZFc 
deletions may have oligozoospermia to azoospermia, and there 
is a 5096 chance of sperm retrieval in those azoospermic men. 
Those men should be counseled regarding the risk to their off- 
spring and the use of preimplantation selection to select unaf- 
fected embryos [34]. 

Preliminary data from a recent study on three candidate genes 
NRSAI, DMRTI, and TEXII have already shown that by using 
specific gene analyses, the etiological clarification of disturbed 
spermatogenesis can be significantly improved [35]. 


Testicular Biopsy 


Histopathologic examination of biopsy specimens may reveal 
hypospermatogenesis, late maturation arrest, early maturation 
arrest, Sertoli cell only, or combined patterns (Figure 11.2). 
The isolated diagnostic testicular biopsy should be rarely indi- 
cated as it will not provide a definitive proof of whether sperm 
will be found during sperm retrieval, particularly in Sertoli 
cell only and maturation arrest cases [36-41] (Table 11.2). 
Histopathology evaluation with removing rare spermatogenesis 
foci may jeopardize future retrieval attempts. So diagnostic biop- 
sies are indicated if the differential diagnosis between OA and 
NOA cannot be established based on clinical and endocrine 
parameters and also for screening for carcinoma in situ among 
azoospermic patients [42]. 


Management of Azoospermia 


The suitable treatment for OA is surgical correction if pos- 
sible, and for NOA is microsurgical testicular sperm extrac- 
tion (mTESE) followed by intracytoplasmic sperm injection 
(ICSI). A trial to identify and correct factors that could inhibit 


FIGURE 11.2 
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(a) Testicular biopsy showing normal spermatogenesis; (b) testicular biopsy showing seminiferous tubules with hypospermatogenesis 


(few cells); (c) testicular biopsy showing seminiferous tubules with primary spermatocyte arrest (early spermatogenic arrest); (d) testicular biopsy showing 
seminiferous tubules lined only by Sertoli cells. (Courtesy of Dr. Ahmed Ragab and Dr. Raham Shehab, Adam International Hospital, Egypt.) 


spermatogenesis (e.g., infection, hormonal imbalance, or varico- 
cele) could help clinicians obtain even rare motile sperm in the 
ejaculate of those patients without the need for surgical sperm 
retrieval. Managing correctable problems in those cases may 
also increase the chances of positive sperm retrieval at the tes- 
ticular biopsy [3]. 


Management of Obstructive Azoospermia 


The decision to proceed with microsurgical reconstruction for 
vasectomy reversal is based upon past surgical history, prior fer- 
tility, and the female partner age and fecundity because sperm 
recovery in the ejaculate may take a year or more. According to 
the obstruction level, those men can undergo a vaso-vasostomy or 
a vaso-epididymostomy. Patency rate is almost 100% with vaso- 
vasostomy when sperm are found in the vas before anastomosis. 
While with vaso-epididymostomy, the patency rate is between 
50% and 80%. Pregnancy rates after vaso-vasostomy can reach 
63% without assisted reproduction, which would decrease to 43% 


after a vaso-epididymostomy. Predictors of microsurgical recon- 
struction outcomes include intraoperative vasal fluid quality and 
sperm granuloma presence, vasal obstructive interval, and sur- 
geon experience [8,43]. 

Cases diagnosed with ejaculatory duct obstruction can be 
treated by transurethral resection (TURED) of the ejaculatory 
ducts. Those with congenital EDO have better prognosis, with 
100% improvement in semen parameters (motility and volume), 
83% improvement in sperm count, and a 66% successful preg- 
nancy rate. However, males with acquired EDO had only a 37.5% 
improvement in their semen parameters and only 12.5% of them 
had a successful pregnancy [6]. 

For cases with CBAVD and iatrogenic vasal injuries that can- 
not be reconstructed, surgical extraction of sperm and ICSI is 
the recommended line of treatment. Percutaneous epididymal 
aspiration (PESA), microsurgical epididymal sperm aspiration 
(MESA), testicular sperm aspiration (TESA), and percutane- 
ous biopsy of the testis are all efficient sperm-retrieval meth- 
ods. PESA is done under local anesthesia, and the epididymis 
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is punctured through the skin with a 26-G needle attached to a 
tuberculin syringe. While MESA necessitates a scrotal incision 
to expose the epididymis and get the sperm sample from the epi- 
didymal duct under the surgical microscope. 

Percutaneous sperm-retrieval procedures have an increased 
risk of hematoma compared with the open techniques. Sperm 
motility is not as high as ejaculated sperm because those retrieved 
sperm have not got the suitable epididymal transit period; these 
sperm are not completely mature, but clinical pregnancy/deliv- 
ery rates are comparable to ejaculated sperm. Regarding the 
effect of the sperm source on the ICSI outcome, it was confirmed 
that the testicular and epididymal sperm have the same fertil- 
ization, pregnancy, and implantation rates. Epididymal sperm 
use in ART is the method of choice in cases of OA due to the 
higher count and motility of epididymal sperm and the possible 
complications of testicular extraction, including inflammation, 
hematoma, devascularization, and decreased serum testoster- 
one levels. Cryopreservation is recommended as data indicate 
equivalent excellent outcomes with fresh or frozen sperm used 
for ICSI [44]. 


Management of Nonobstructive Azoospermia 


* Medical therapy: Men with hypogonadotropic hypo- 
gonadism can be managed by exogenous replacement 
of FSH and LH. Human chorionic gonadotropin (hCG) 
1,000-2,500 IU twice weekly is given until serum tes- 
tosterone level normalizes (may take 6-12 months). 
Recombinant FSH in the dose of 75-100 IU three 
times each week can be added if no sperm are seen in 
the ejaculate. This may take up to 2 years until sperm 
production is detected. There is a considerable varia- 
tion in response to hormonal treatment among patients 
with hypogonadotropic hypogonadism, which is related 
to individual residual function of the pituitary gland. 
Those who do not respond to one regimen may benefit 
from another [3]. 


Azoospermic patients with primary testicular fail- 
ure usually have elevated gonadotropin levels, so the 
previous medical treatment is ineffective in those men. 
Clomiphene citrate, gonadotropins, and aromatase 
inhibitors can be used empirically. Clomiphene citrate, 
which is a selective estrogen receptor modulator, binds 
to estrogen receptors at the hypothalamus and pituitary 
gland, causing the pituitary gland to secrete increased 
levels of LH, which binds to its receptors in the Leydig 
cells, causing increased androgen production. hCG 
binds to the LH receptors in the Leydig cells and stimu- 
lates the androgen production [45]. 


The role of such treatments in those patients can be 
attributed to the weak stimulation of Leydig cells by 
the endogenous hormones. They may lack adequate 
levels of intratesticular testosterone, which regulates 
the spermatogenic process [46]. Increasing levels of 
intratesticular testosterone would stimulate spermato- 
gonia DNA synthesis and spermiogenesis in patients 
with residual spermatogenic activity. Also, the pro- 
liferating cell nuclear antigen (PCNA) expression in 
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spermatogenic cells increases. PCNA is expressed 
in the nucleus during all phases of the cell cycle, 
with a maximum expression in the S and G2 phases. 
Consequently, well-differentiated seminiferous tubules 
would be detected during sperm retrieval [47]. 


Aromatase inhibitors (AIs) are the medication of 
choice in infertile males with normal testosterone 
levels, but reduced testosterone-to-estradiol ratios. 
Estradiol negatively feeds back on the hypothalamus 
and pituitary to reduce gonadotropic secretions, ulti- 
mately affecting spermatogenesis. So aromatase inhibi- 
tors decrease estrogen levels by reversibly inhibiting 
cytochrome p450 isoenzymes. Decreasing the estro- 
gen negative feedback on the hypothalamus would 
allow stronger gonadotropin-releasing hormone (GnRH) 
pulses that stimulate the pituitary to increase pro- 
duction of FSH. This increased FSH finally leads 
to increased spermatogenesis within the Sertoli 
cells. Since Als increase testosterone levels without 
impacting estrogen levels, unlike Clomiphene citrate, 
they are better medications for men with abnormal 
testosterone-to-estradiol ratios. Letrozole, a more 
potent drug than Anastrazole, has been shown to cause 
a marked increase in FSH and serum testosterone in 
patients with NOA [48]. 


Varicocelectomy: Varicocele may produce azoosper- 
mia as an end of its spectrum of testicular effects. 
Varicocele repair in NOA cases is controversial. 
Although the return of sperm in the ejaculate after 
varicocele repair in those cases is rare, it may optimize 
intratesticular sperm production. The preferred timing 
for repairing varicocele is at least 3-6 months before 
TESE to gain the best improvement. However, some 
authors have documented that sperm retrieval rates 
did not differ in men who had their varicoceles treated 
before sperm retrieval as compared with those who did 
not [49,50]. 

Sperm retrieval and assisted reproduction: Sperm 
retrieval and in vitro fertilization (IVF)/ICSI may be 
the only option for men with NOA. 


A microdissection TESE is recommended with the 
surgical microscope to decrease the vascular injury 
and the occurrence of hematoma and increase the 
sperm-retrieval success [51]. Multiple patches of semi- 
niferous tubules are excised and processed for sperm 
extraction. The operating microscope aids in identify- 
ing the functioning tubules, which are typically wider 
in diameter and more opaque than the fibrotic and 
Sertoli-cell-only-containing tubules. During micro- 
dissection TESE, the best cut-off seminiferous tubule 
(ST) diameter for harvesting testicular spermatozoa is 
110 um. When ST diameter is 300 um or more, a single 
tubule biopsy is enough to get spermatozoa for ICSI 
or sperm freezing with minimal tissue excision [52]. 
It was confirmed that microsurgical TESE is safer than 
the conventional technique regarding devascularization 
of testicular tissue as found by serial ultrasonography 
done for those cases [53]. 
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For those cases with anticipated difficult sperm 
retrieval, it is better to start testicular sperm retrieval 
at least 8 hours before ovum pick-up to avoid postma- 
turity oocyte damage [54]. It is also beneficial before 
the TESE/ICSI procedure that an ejaculated sample is 
analyzed for the presence of sperms [3]. Some patients 
may have sperms in their ejaculate on that day, while 
their testicular biopsy may reveal no sperm (missing 
the rare foci of spermatogenesis during the biopsy 
while the ejaculate is a real collection of the production 
of all the seminiferous tubules) Usually mechanical 
disruption of the tubules is achieved by mincing using 
needled-tuberculin syringes or shredding by glass 
slides, enzymatic digestion is carried out by incubation 
of testicular suspensions with collagenase. Erythrocyte 
lysing solution is used to eliminate excessive red blood 
cells. When only immotile spermatozoa, such are 
obtained after processing, motility stimulants, such 
as Pentoxifylline, can be used [55]. Different methods 
can be used to detect live but immotile spermatozoa, 
such as the hypo-osmotic swelling test, the sperm tail 
flexibility test, and the use of laser and birefringence- 
polarization microscopy (BPM). The use of immotile 
sperm for ICSI is not recommended [56]. 


Amer et al. [57] confirmed that the minimal time 
interval between 2 successive testicular biopsy maneu- 
vers on the same testis is 3 months, while Schlegel and 
SU 1997 [58] advised a 6-month interval that would 
be considered to maximize the sperm-retrieval results 
and avoid possible complications. Transient decrease 
in testosterone levels are noticed following TESE that 
increase to baseline after 18—26 months. This finding 
was mostly noticed in cases with NOA and may have 
resulted from removing some testicular tissue resulting 
in decreased Leydig cell mass or due to the vascular 
damage, which may result in lower Leydig cell stimula- 
tion by LH because it cannot reach those cell efficiently 
or testosterone cannot be released efficiently into the 
blood [59]. 


Cryopreservation of testicular sperm is routinely 
recommended for fear of future failure to obtain motile 
spermatozoa in a patient with such a small testicular 
volume. Some authors suggest repeating the sperm 
retrieval in such cases due to lower ICSI results when 
frozen-thawed testicular sperms were used compared 
with fresh sperm [60]. In one meta-analysis review, the 
use of fresh versus frozen sperm in ICSI in cases with 
NOA showed comparable fertilization and pregnancy 
rates [61]; Tables 11.3 and 11.4, comparing the ICSI 
outcome between the fresh and frozen testicular sperm 
in those patients, allow more confidence in the frozen 
sperm results in ICSI [62-76]. 

As a solution to overcome the situation when no 
mature sperm are retrieved, IVF with immature germ 
cells or their in vitro culture was tried. ICSI with 
immature germ cells, including round or elongated 
spermatids, is a matter of debate and forbidden in many 
countries [77,78]. The novel technique of in vitro sperm 
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derivation would enable us to retrieve human haploid- 
like cells from pluripotent stem cells of somatic ori- 
gin. Haploidization is a new technique to get sperm 
by biological cloning technology. Safety and ethical 
debates related to the potential transmission of genomic 
imprinted disorders are still unsettled [79,80]. 


Conclusion 


Significant progress has been made during the past few years 
in our understanding of male infertility. This understanding, 
as well as the rapid technology progress, played a great role in 
managing males with azoospermia. In vitro spermatogenesis, for 
example, offers the hope of future realistic applications. There is 
still a hope that reproductive technology advancement will also 
give surprising results in humans. 
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Definition 


Erectile dysfunction (ED) is defined as the consistent or recur- 
rent inability to obtain or maintain a penile erection with enough 
rigidity to successfully partake in sexual intercourse. A mini- 
mum duration of 3 months is required to establish this diagnosis, 
with the exclusion of surgically induced or traumatic ED [1,2]. 


AAA | 
Epidemiology 


ED is a common condition that can affect men of all ages. In gen- 
eral, the prevalence of ED increases with age; however, it is often 
underreported due to the nature of the condition. The preva- 
lence of ED is estimated to reach 322 million by 2025 from 152 
million in 1995 [3]. The International Consultation Committee 
for Sexual Medicine cites the prevalence of ED in men younger 
than 40 years between 176—996. For men 40-59 years of age, the 
prevalence is reported to be as low as 2%-9% and as high as 
2096—3096 in various studies. This may be due to differences 


Corpus cavernosum 
Cavernous artery 
Helicine arteries 


(a) 


in the study population or the definition of ED between stud- 
ies. Between the ages of 60—69 years, the prevalence of ED is 
estimated to be between 20%—40%. The prevalence reaches 75% 
for men in their 70s and 80s. [1]. Further epidemiological data is 
provided by the Massachusetts Male Aging Study (a large pro- 
spective population-based study), which found a crude incidence 
of ED of 26 per 1,000 man-years. This increased to 46 per 1,000 
man-years in men 60-69 years of age [4]. 


Mechanism of Erection Erectile Physiology 


The penile erection occurs as a neurovascular cascade that is 
closely influenced by hormonal and psychological factors. In the 
flaccid or resting state, the tone of cavernosal smooth muscle 
is increased resulting in a high peripheral vascular resistance. 
This results in a small volume of blood entering the corporal bod- 
ies (Figure 12.1). This is controlled by the sympathetic nervous 
system and the neurotransmitter noradrenaline. Sexual stimula- 
tion and subsequent neuronal activation results in vasodilation 
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FIGURE 12.1 
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Muscular and vascular changes between (a) erect and (b) flaccid penis. 
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and relaxation of cavernosal smooth muscle. Several neurotrans- 
mitters are involved in eliciting an erection; however, nitric oxide 
(NO) appears to play a key role. NO is released from the para- 
sympathetic and nonadrenergic noncholinergic (NANC) neurons 
in the cavernosal smooth muscle [5]. 

This neurovascular event results in dilatation of the arteries, 
expansion of the sinusoidal spaces, and an overall reduction in 
the peripheral vascular resistance. This results in a net inflow 
of blood into the penis, resulting in expansion or tumescence. 
The thick tunica albuginea surrounding the corporal bodies lim- 
its expansion and, therefore, increases intracorporal pressure. 
As pressure increases, venous outflow reduces, and once the 
emissary veins between the inner circular and outer longitudi- 
nal layers of the tunica are compressed, the full-erection stage is 
reached. Further increases in pressure are achieved by the con- 
traction of the ischiocavernosus muscle [5]. 


Etiology and Pathogenesis 


ED is broadly divided into psychogenic and organic causes. 
Organic causes are further divided into hormonal, arteriogenic, 
cavernosal, neurogenic, or drug induced. In practice, men often 
have ED as a result of both organic and psychogenic causes (e.g., 
men with a physical cause for their ED will then often worry 
about their erections, which can exacerbate their symptoms [6].) 


Neurogenic 


A number of neurological conditions have been implicated in ED. 
These can be divided into central or peripheral causes. Central 
causes include multiple sclerosis, Parkinson's disease, and spi- 
nal cord injuries. Peripheral neurogenic ED usually results from 
radical pelvic surgery that may disrupt the cavernosal nerves 
(e.g., prostatectomy, cystectomy, anterior resection). As surgi- 
cal techniques continue to develop, nerve-sparing procedures 
are now more common and improve the potency rates following 
these procedures [7,8]. 


Hormonal 


Testosterone deficiency (hypogonadism), hyperprolactinemia, 
and hyper- or hypothyroidism have all been associated with 
ED. Testosterone deficiency causes a reduction in sleep- 
related erections, a reduction in libido, and aids in the produc- 
tion of NO synthase and phosphodiesterase-5 (PDE-5) in the 
penis [9]. Hyperprolactinemia is most commonly drug induced 
but can be secondary by prolactinomas of the pituitary gland. 
Hyperprolactinemia leads to central inhibition of gonadotrophin- 
releasing hormone (GnRH), which inhibits luteinizing hormone 
(LH), which is required for testosterone secretion [10]. There is 
some evidence suggesting that overt hyperthyroidism or hypo- 
thyroidism are associated with ED [11]. 


Vasculogenic ED 


Vasculogenic ED is caused by insufficient arterial flow into 
the penis to cause a rigid erection. It has the same pathophysi- 
ology and risk factors as cardiovascular disease. These include 
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hypertension, dyslipidemia, atherosclerosis, diabetes mellitus, 
and smoking. These risk factors result in endothelial dysfunction 
and blunted physiological endothelial NO production [12]. 


Psychogenic ED 


There are multiple psychological theories described in the setting 
of psychogenic ED, including, cognitive, behavioral, and psycho- 
dynamic theories. They each focus on the following factors [2]: 


* Predisposing factors: Inadequate sexual education, 


sexual abuse, and a strict upbringing 
* Precipitating factors: and 


significant life events 


Relationship problems 


* Maintaining factors: Inability to seek medical help, 
ongoing relationship problems, and poor physical 
health 


Cavernosal ED 


Damage to the tunica albuginea (history of penile fracture) 
or an abhorrent vessel that allows venous blood to leak from 
the corporal bodies can also result in ED [2]. Early repair of 
the tunica albuginea after injury can restore erectile function 
in affected patients. Embolization or surgical ligation of an 
abhorrent vein can be performed in rare cases of true venous 
leak [13]. 


ED and Infertility 


ED can result in infertility when the rigidity of the patients” erec- 
tions is insufficient for penetrative intercourse. According to a 
large World Health Organization (WHO) study (n = 7,273), sexual 
dysfunction (including ED) is a rare cause of male-factor infer- 
tility and accounts for 2.3% of failed paternity [14]. The preva- 
lence of ED in men undergoing fertility treatment is variable with 
some studies reporting a prevalence as low as 6.7% [15] and oth- 
ers reporting a rate as high 61.6% [16]. 

Infertility is known to have a significant psychological burden 
on couples. This psychological burden is thought to play a role 
in the rates of sexual dysfunction experienced [17]. ED is also 
a well-known marker for overall general health and is associ- 
ated with endocrine, cardiovascular, neoplastic, and metabolic 
diseases. Furthermore, many treatment options, as discussed 
previously (surgery, radiotherapy, and medications), can also 
result in organic ED [18,19]. Interestingly, male infertility is also 
associated with an increased prevalence of both neoplastic and 
benign diseases when compared to age-matched controls [20,21]. 
Furthermore, there appears to be an increased rate of death from 
cardiovascular disease in men without children when compared 
to men who have fathered children. This includes infertile men 
and men who have chosen not to have children [22]. There is also 
evidence to suggest that men with azoospermia have poorer over- 
all health and the highest incidence of ED [17]. 

Furthermore, many medications are associated with 
impaired semen parameters and may cause ED (e.g. antide- 
pressants and Sa-reductase inhibitors) [14]. These medica- 
tions can be used to treat hypogonadism and may alter the 
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hypothalamic-pituitary-gonadal (HPG) axis and subsequently 
affect production of mature spermatozoa. There is also an 
increased incidence of sexual dysfunction with psychotropic 
medications, including antidepressants and antipsychotics. Often 
these changes to the patients' semen parameters are temporary; 
however, in some instances (e.g. the use of chemotherapy), the 
changes to the architecture of the testis and spermatozoa can be 
permanent. Ideally, these patients are offered semen cryopreser- 
vation prior to gonadotoxic treatments [14]. 

It is important to take a thorough history and examination and 
consider psychological factors, past medical history, and any 
medications when treating couples with infertility and sexual 
dysfunction. 


Diagnostic Pathway 
Basic Workup and Sexual History 


The first step of the diagnostic pathway for a de novo ED is rep- 
resented by a detailed investigation of the patients” past medical 
history and sexual behaviors [23]. This is a crucial step in the 
basic workup to identify any possible modifiable risk factor for 
ED. Furthermore, it is important to highlight any psychosexual 
issues related to the onset of the ED [24]. In this context, a psy- 
chometric analysis through the administration of validated ques- 
tionnaires is recommended to assess the presence and the degree 
of the ED. The most commonly used questionnaires are: 


* [nternational Index for Erectile Function (IIEF) [25] 
* Erection Hardness Score (EHS) [26] 
* Sexual Health Inventory for Men (SHIM) [27] 


Physical Examination 


A physical examination, aimed at detecting genital, vascular, 
endocrine, or neurological conditions is recommended. In some 
cases, like in Peyronie's disease, the physical examination alone 
is necessary to confirm the underlying etiology of the ED [28]. 


Laboratory Testing 


The request of any blood tests is to be tailored according to the 
clinical signs presented by patients [11,29]. According to the 
European Association of Urology (EAU) guidelines on the man- 
agement of ED [30], in a standard diagnostic assessment, only the 
following laboratory investigations are routinely recommended: 


e Fasting blood glucose (eventually, Hb1 Ac) 
* Lipid profile 
* Total testosterone (in an early morning sample) 


Additional laboratory tests may be required if specific dis- 
eases are suspected as a comorbidity or etiological factor for 
ED, such as prostatic disease (prostate-specific antigen [PSA]), 
hyperprolactinemia  (prolactin, secondary  hypogonadism 
(follicle-stimulating hormone [FSH], LH), and thyroid disease 
(thyroid-stimulating hormone [TSH]). 
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FIGURE 12.2 Penile duplex showing veno-occlusive dysfunction as 
evidenced by normal peak systolic velocity with an elevated end diastolic 
velocity. 


Second-Line Diagnostic Tests 


In most cases, the diagnosis of ED is clinical; however, some 
patients may need additional diagnostic evaluation. 


1. Nocturnal penile tumescence and rigidity test (NPT): 
The NPT assesses the presence of any penile tumes- 
cence and erection during night. It may facilitate 
differentiating between an organic or a psychogenic 
ED [31]. 

2. Dynamic duplex ultrasound of the penis (Figure 12.2): 
Penile duplex (after the endocavernous injection of a 
full-dose of alprostadil) allows the verification of the 
vascular status of the penis. It aids in determining 
whether ED is due to vascular (arterial or venous due 
to corporal occlusive mechanism alteration) or psycho- 
genic causes [32,33]. 


3. Arteriography: A selective internal pudendal arteri- 
ography is recommended in patients with a de novo 
diagnosis of arterial ED following a pelvic or perineal 
trauma; it may identify a posttraumatic internal puden- 
dal artery occlusion. If this is the case, a penile revas- 
cularization (arterial bypass) is indicated [34]. 


Treatment 


ED is a common condition associated with a variety of risk 
factors. In addition to improving the quality of erections 
(ED-specific treatment), it is also important to manage the ED 
risk factors such as smoking, obesity, and hyperlipidemia; insu- 
lin resistance and diabetes; and hypogonadism and uncontrolled 
blood pressure. Management of these risk factors will improve 
patients” response to the ED-specific treatment and is important 
for the overall health and well-being of these patients. 

Although most cases of ED are deemed vasculogenic, other 
forms of ED exist. The clinician should be familiar with vari- 
ous treatment strategies. If a vasculogenic ED is diagnosed, a 
progressive three-line therapeutic approach is suggested. 
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Treatment Options First-Line Therapy 


1. Treatment of specific risk factors and causes 1. Oral agents: PDE-5 inhibitors have represented a mile- 


a. Lifestyle management: The basic diagnostic 
workup of the patient must focus on highlight- 
ing any possible reversible risk factors. It is man- 
datory to counsel the patient about lifestyle or 
risk-factor modification, prior to, or concomitant 
to, any therapeutic intervention. Particular atten- 
tion should be focused on weight loss and advice 
on smoking cessation. Several investigators have 
underlined that the best clinical results may be 
achieved when addressing cardiovascular comor- 
bidities or metabolic disorders such as diabetes and 
hypertension [35]. 


b. Hormonal causes: As previously highlighted, hor- 
monal laboratory tests may be included in the basic 
diagnostic workup according to patients” symptoms 
or risk factors. The most common hormonal cause 
of ED is primary hypogonadism. If this condition 
is diagnosed, and other possible causes of testicular 
failure are excluded, testosterone supplementation 
(TS) therapy is indicated [29]. However, patients 
who are given TS should be monitored for a clinical 
response: elevation of hematocrit and development 
of hepatic or prostatic disorders. TS therapy remains 
controversial in patients with prostate cancer, and it 
is contraindicated in patients with an unstable car- 
diac disease and those trying to conceive. 


c. Traumatic arteriogenic ED: In young patients with 
arteriogenic ED as a consequence of a perineal or 
pelvic trauma, microvascular penile revasculariza- 
tion has a 60%—70% success rate. The arterial lesion 
must be confirmed by a pudendal selective arteri- 
ography. A termino-lateral or a termino-terminal 
microvascular anastomosis between the inferior 
epigastric artery and the dorsal penile artery is rec- 
ommended; this is the only case in which a penile 
revascularization is recommended. 


d. Psychogenic ED: In selected cases where a psy- 
chological problem is the underlying factor for the 
ED, psychosexual counseling is recommended. 
Psychosexual therapy alone, or associated with 
PDE-5 inhibitors may significantly improve both 
patients' and partners' satisfaction rates [36]. 


2. Treatment for ED: Specific treatment for ED is based 


on a stepladder management that starts with oral treat- 
ment (first-line therapy) followed by local therapy 
(second-line therapy) Surgical insertion of penile 
implants (third-line therapy) is done in cases that are 
refractory to the first two lines of therapy. However, 
it is important to fully council patients regarding the 
three lines of therapy and to take into consideration 
patient preferences. For example, some patients may 
find local therapy, although invasive, more reliable than 
oral treatment, and patients who fail to respond to oral 
treatment may want to go ahead with penile prosthesis 
insertion because they do not like local therapy. 


stone in the treatment of ED. They act as inhibitors 
of the PDE-5 in the corpora cavernosa, leading to a 
smooth muscle relaxation of the vascular sinusoid and 
subsequently increase blood flow into the penis [37]. 
Several medications have been developed over the 
years (sildenafil, tadalafil, vardenafil, and avanafil). 
Each of them has specific pharmacokinetic features 
that enables a personalized therapy approach for each 
patient. To date, no reliable data is available compar- 
ing the efficacy and tolerability between the existing 
PDE-5 inhibitors. Therefore, the choice of the drug 
is dependent on various factors: frequency of sexual 
intercourse, tolerability, and patients” preference [38]. 
However, it must be noted that avanafil, due to a high- 
selective PDE-5 inhibition, appears to have the lowest 
incidence of adverse events. (The efficacy of PDE-5 
inhibitors to treat ED has been widely demonstrated 
in literature. As a result, they represent indisputably 
the first-line therapy for ED treatment.) Common side 
effects of PDE-5 inhibitors include headache, facial 
flushing, and myalgia. A rare but important side effect 
to counsel patients about is priapism. Prior to prescrib- 
ing PDE-5 inhibitors it is vital to ensure that the patient 
does not take any nitrates, as their hypotensive effects 
can be potentiated. It is also important to counsel 
patients about the importance of taking these tablet on 
an empty stomach to achieve the best results [39]. 


. Low-intensity extracorporeal shock wave therapy 


(Li-ESWT): Li-ESWT represents a new frontier for 
the treatment of ED. Its application has had a signifi- 
cant widespread impact on the andrological commu- 
nity in the last decade. This physical treatment relies 
on the transmission of low-intensity shock waves on 
the corpora cavernosa inducing a proper revascular- 
ization stimulus on the corporal tissue [40]. The clear 
advantages of this approach are the tolerability, the 
insignificant incidence of side effects, and the lack of 
contraindications. However, despite recent evidence 
supporting its efficacy in the treatment of ED, a spe- 
cific treatment protocol and a specific indication on the 
amount of energy to be applied onto the penis remains 
an open issue. Furthermore, the indication of Li-ESWT 
in a specific category of patients, particularly after an 
latrogenic pelvic plexus injury following radical prosta- 
tectomy, is still unclear [41]. It is however worth noting 
that Li-ESWT is not currently FDA approved and its 
use is considered experimental at present. 


Second-Line Therapy 


1. Intracavernous injection (ICT) (Figure 12.3): Patients 


who do not respond to oral therapy may be candidates 
for ICI of vasoactive agents. After the ICI of the agent, 
an erection is achieved after 15-20 minutes. The intra- 
cavernous alprostadil (Caverject™) represents, to date, 
the only drug approved for ICI therapy. Alternatively, 
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FIGURE 12.3  Intracavernosal injection (ICI) of alprostadil (Caverject™). 


combination therapy of various agents (papaverine, 
phentolamine, and vasoactive intestinal peptide) may 
be considered in off-label settings. 


FIGURE 12.4 Vacuum pump device. 


Wii the efficacy me a 70%, major dida dona Third-Line Therapy: Penile Prosthesis Implantation 


of the ICI are the considerable side effects and, con- 
sequently, the drop-out rate, revealed to be up to 68% 
in some series. The most common side effects, for up 


The penile prosthesis implantation is considered the defini- 
tive solution for medically refractory ED or for patients keen 
to request a definitive solution for ED. Two different classes of 


to 50% of patients, are penile pain and prolonged erec- 
tions/priapism corporal fibrosis. Furthermore, despite 
the creation of automatic special pens to simplify the 
administration of the drug, self-administration remains 
a major limitation for ICI therapy [42]. Indeed, adequate 
training is always required to allow patients to adminis- 
ter the ICI and good manual dexterity is mandatory. 


. Intraurethral or topical alprostadil: Due to the limita- 
tions of ICIs, alternative methods have been explored 
aiming to spread the indication of the alprostadil treat- 
ment for ED. Two alternative methods of intraurethral 
administration have been proposed in recent years: a 
medicated pellet (Muse™) and cream (Vitaros™) [42,43]. 
Even though a clear advantage of the intraurethral 
administration over the ICI, in terms of less invasive- 
ness and reduced side effects, has been demonstrated, 
the efficacy of intraurethral administration appears to 
not be comparable to that of the ICI [43]. Therefore, 
to date, intraurethral alprostadil represents an alterna- 
tive to ICI limited to patients requiring a less-invasive, 
although less-effective, treatment. 
. Vacuum erection device (VED; vacuum pump) 
(Figure 12.4): The VED is a suction device that allows 
the creation of a passive engorgement of the corpora 
cavernosa, which, along with the positioning of an 
elastic ring at the base of the phallus, may represent 
a solution to treat ED. The efficacy of VED however, 
is disputable, with the rates of patients” satisfaction 
ranging from 2796 to 9476, according to the different 
studies [44]. The weakest point of this treatment is rep- 
resented by the drop-out rate, which can reach up to 
64%. The main limitations are represented by the side 
effects (pain, numbness, and bruising), which can occur 
in up to 30% of cases. To date, the primary indication 
for the use of VED is for well-informed older patients 
with infrequent sexual intercourse, requiring a drug- 
free solution for the ED due to major comorbidities. 


penile implant can be considered currently: 


A well-known major complication regarding penile prosthesis 
implantation is acute infection, requiring an urgent explant. 


Semirigid, which are composed of two flexible cylin- 
ders, implanted in the corpora cavernosa. The penis 
after the implantation appears permanently firm but 
can be manually placed in an erect or flaccid state. 
The advantages of this class of implants are the simple 
use as well the long-term mechanical reliability [45]. 
(Figure 12.5) 

Inflatable, two or three pieces are composed by a 
hydraulic system (cylinder, pump, and reservoir). All of 
the components are fully concealed. The advantages of 
this class of implant are the "natural-wise" functioning, 
the ability to pass from a complete flaccid to an erect 
state and the possibility to conceal the implant. On the 
other hand, they present a cumulative 5-year risk of 
mechanical failure of around 5% [46,47]. (Figure 12.6) 


FIGURE 12.5  Malleable penile implant. 
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FIGURE 12.6 Inflatable penile implant. 


It must be said that recent technical modifications, in terms 
of antibiotic-impregnated prosthesis (AMS Inhibizone™) or 
hydrophilic-coated prosthesis (Coloplast Titan™), have strongly 
reduced the risk of infection, which is to date assessed at <1%. 
Regardless of the indication, the penile prosthesis implantation 
reaches one of the highest satisfaction rates (up to 95%) among 
the explored treatments for ED [48]. Penile prosthesis implanta- 
tion represents an effective solution to treat patients not respond- 
ing to less-invasive treatments for ED. 


Summary 


ED is a common condition that can affect men of all ages. 
The prevalence of ED in men younger than 40 years was between 
1% and 9%. ED may be responsible for 2.3% of male infertility. 
ED is usually a multifactorial problem with organic and psycho- 
genic risk factors. Most cases of ED can be managed, and the 
choice of treatment depends on the severity of the problem. Mild 
cases of ED can be managed conservatively with PDE-5s and 
Li-ESWT; moderate cases will require local therapy with ICIs, 
being most effective, whereas severe cases require penile pros- 
thesis surgery. 
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Oxidative Stress: Relevance, Evaluation, and Management 


Kristian Leisegang and Ralf Henkel 


Introduction 


Since the groundbreaking observation by MacLeod [1] that 
human spermatozoa produce reactive oxygen species (ROS), a 
lot of research showed that these highly reactive substances with 
reaction times in the nano- to millisecond range [2], not only 
essential triggers for cellular physiological functions such as 
capacitation [3], but also as a cause of oxidative stress (OS) [4]. 
Considering the very special composition of the sperm plasma 
membrane with an extraordinarily high amount of polyunsatu- 
rated fatty acids [5], spermatozoa are extremely sensitive to 
OS. Meanwhile, OS has been recognized as a major contribu- 
tor to male infertility through its actions in the pathogenesis of 
testicular damage, varicocele, cryptorchidism, or male genital 
tract infections and inflammations [6]. These oxidative events 
will eventually lead to sperm dysfunction as normal sperm mor- 
phology, motility, and sperm DNA integrity are significantly 
affected. The latter, though not generally accepted as a diagnos- 
tic parameter recommended by the Practice Committee of the 
American Society for Reproductive Medicine [2008] because the 
current methods do not reliably predict treatment outcomes and 
treatment of poor sperm DNA damage would not have proven 
clinical value. Therefore, a better understanding of OS-related 
DNA damage, its pathogenesis, consequences, and clinical man- 
agement are essential. 


|| 
Redox Biology, Aerobic Respiration, 
and Mitochondrial Function 


Life evolved in a low-oxygen environment in which carbon 
dioxide and nitrogen dominated, resulting in mild reducing 
conditions that provided the energy source for early unicellu- 
lar organisms. Oxygen was a toxic by-product of this aerobic 
respiration, leading to the oxygenation of the biosphere [7]. 
This led to a transformation of the environment and a switch 
to more oxidizing conditions, which arguably necessitated the 
evolution of aerobic respiration [8]. The subsequent evolution 
of mitochondria allowed for the development of aerobic res- 
piration through oxidative phosphorylation, in which simple 
sugars and long chain fatty acids are transformed into adenos- 
ine triphosphate (ATP) [9]. Within this context, aerobic respi- 
ration involves a series of redox reactions and the subsequent 
transfer of electrons through a series of protein complexes 
known as the electron transfer chain, providing a significant 


increase in ATP availability, which allowed for the evolution 
of multicellular life [10]. 

Mitochondria have evolved as critical regulators in various 
biological functions, including cellular differentiation, growth 
and signaling, steroid hormone synthesis, and apoptosis [11]. 
Importantly, mitochondria further have their own DNA (mtDNA) 
responsible for the transcription of 13 proteins important in oxi- 
dative phosphorylation [12]. As a paradoxical consequence of 
aerobic respiration, a small percentage of electrons leak out of 
protein complex I and III in the mitochondrial inner membrane, 
generating the highly reactive molecule superoxide (O,”). This is 
further metabolized to hydrogen peroxide (H,O,) and hydroxyl 
radicles (OH-), which are all classified under the umbrella term 
ROS [13]. 

ROS were discovered in chemistry more than 100 years ago, 
and subsequently all oxidation reactions related to organic mol- 
ecules were found to be mediated by various ROS. These were 
then found to modulate all biological systems, as well as aging 
and various pathologies. ROS have later been identified to medi- 
ate numerous biological functions, particularly as signaling mol- 
ecules, regulated by numerous hormones and cytokines [14]. 
In appropriate concentrations, ROS are used as phosphorylation/ 
dephosphorylation (redox) switches in numerous essential cellu- 
lar functions [13]. However, ROS are highly reactive and damage 
lipids (specifically cell and mitochondrial membranes), amino 
acids, polypeptides and carbohydrates [14]. 

Excessive ROS production results in OS, damaging cellular 
structures, particularly unsaturated fatty acids (e.g., cellular 
and mitochondrial membranes) and proteins, including DNA, 
and cellular apoptosis [13]. ROS production and OS are further 
considered the major promoter of aging, as well as a significant 
mediator of numerous chronic pathologies including cardiovas- 
cular disease, diabetes mellitus, numerous malignancies, osteo- 
porosis, and Alzheimer disease, among others [15]. 

Due to the toxic potential of ROS, antioxidants evolved that 
scavenge and neutralize the reactivity of ROS. These include 
major endogenous antioxidants, such as catalase, glutathi- 
one peroxidase, members of the superoxide dismutase fam- 
ily (e.g., SODI, SOD2, SOD3), peroxiredoxins, glutaredoxins 
and thioredoxins. Additionally, exogenous antioxidants criti- 
cal in biology include micronutrients such as vitamins A (and 
other B-carotenes), C, and E and glutamine, numerous phy- 
tonutrients (e.g., polyphenols), as well as critical elemental 
cofactors such as zinc and selenium (involved in enzymatic 
functioning) [16]. 
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Redox Biology in Male Reproduction 


Within appropriate physiological concentrations, ROS are criti- 
cal mediators of male reproductive function. This includes chro- 
matin condensation in spermatogenesis, epididymal maturation, 
postejaculation phenomenon such as hyperactivation, capacita- 
tion, and acrosome activation, as well as oocyte fusion through 
spermatozoal zonal binding [17]. This low-level ROS is gener- 
ated predominantly from spermatozoa themselves, particularly 
H,O,, as well as leukocytes (predominantly neutrophils) within 
the male reproductive tract [18,19]. In addition, exogenous ROS 
(together with exogenous antioxidants) in seminal plasma arise 
from prostatic and seminal vesicle secretions. The seminal 
plasma, therefore, protects and nourishes the ejaculated sperma- 
tozoa through antioxidant activity, which includes both endog- 
enous and exogenous antioxidants [17]. OS results in numerous 
consequences, including abnormal spermatogenesis, lipid per- 
oxidation, DNA fragmentation, mitochondrial dysfunction via 
excessive H,O, generation, denaturing of enzymes, and reduced 
antioxidant capacity [20]. 


=== E0q3<3E O... 


Male Infertility and Oxidative Stress 
Epidemiology and Etiological Factors 


Common causes of male infertility include varicocele (unilateral 
or bilateral), genital tract infections, inflammation, and ductal 
obstructions. However, a significant proportion (40%-90%) may 
be classified as idiopathic, which is defined as the inability of a 
male to impregnate his partner with an otherwise normal routine 
semen, endocrine, and genetic analysis [21]. Regardless of under- 
lying cause, OS in seminal fluid occurs in 30%-80% of infertile 
men [22]. Men with idiopathic infertility have also been shown to 
have excessive OS in the majority of cases [23]. 

The two significant sources of ROS in the seminal fluid are 
from spermatozoa themselves (including spermatids and germs 
cells) and leukocytes (predominantly neutrophils). This is appar- 
ent particularly in normal semen samples as well as a source 
of excessive ROS production in pathological conditions [19]. 
Therefore, notable causes of OS in the male reproductive tract 
and ejaculate include leukocytospermia, varicocele, increased 
spermatids, and immature spermatozoa [17]. This is further 
extended to broader systemic pathologies associated with aging, 
Obesity, metabolic syndrome, and diabetes mellitus [15,24]. 

Exogenous ROS associated with male infertility are associ- 
ated with unfavorable lifestyle and environmental exposures 
common in the modern industrialized environment and Western 
lifestyle. This includes malnutrition as excessive energy dense 
food consumption and poor nutritional choices, sedentary life- 
style, increased adiposity and metabolic derangements, tobacco 
smoking, alcohol consumption, pesticide exposures, exogenous 
estrogens and heavy metal toxicity, nutritional deficiencies, and 
advanced age [20,24]. 


Spermatogenesis 


Spermatogenesis can be considered the primary function of 
the testes through which Sertoli cells provide nourishment and 
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support for the development of spermatozoa from germ cells [25]. 
Balanced redox biology is critical in the physiological regulation 
and process of spermatogenesis [25]. OS is associated with the 
generation of abnormal gametes with poorly remodeled chro- 
matin, which results in abnormal spermatozoa associated with 
a high percentage of DNA fragmentation. These abnormal sper- 
matozoa are also associated with apoptosis that results in a sig- 
nificant increase in H,O, generation [26]. With reduced ability 
to mediate the repair of DNA strand breaks that occur normally 
during spermatogenesis, these cells ultimately become suscep- 
tible to ROS-dependent apoptosis [26]. 


Semen Quality in the Ejaculate 


Semen quality, as defined by WHO [27], has traditionally been 
promoted as a marker of fertility potential in the male. The lat- 
est edition published in 2010 includes guidelines on appropriate 
laboratory and diagnostic techniques alongside normal reference 
ranges for clinical interpretation. This focuses on the more tra- 
ditional semen analysis markers, including spermatozoa concen- 
tration, motility parameters, vitality (spermatozoa viability), and 
leukocyte concentration [27]. 

Furthermore, quality of the ejaculate is relevant to the constit- 
uents of the seminal plasma and, particularly, the array of appro- 
priate proteins and amino acids, including various cytokines, as 
well as lipids, ions, and hormones. In addition, this includes anti- 
oxidants such as SOD, catalase and glutathione peroxidase, and 
exogenous micronutrients, vitamins A, C, and E, copper, zinc, 
co-enzyme Q10, and Ubiquinol [28]. 

OS arising in the reproductive tract and seminal plasma 
due to a mismatch between ROS and total antioxidant capac- 
ity (TAC) becomes highly detrimental to spermatozoa struc- 
ture, function, and fertilization capability [17]. This includes 
association with reduced sperm concentration, motility, via- 
bility and normal morphological forms, as well as a negative 
consequence on functional parameters including chromatin 
condensation (during spermatogenesis) and DNA integrity, 
mitochondrial membrane potential (MMP) that reflects mito- 
chondrial dysfunction, hyperactivation, calcium ion chan- 
nel activation, capacitation, acrosome reaction, and oocyte 
binding [17,29]. 


A] 
Mechanisms and Molecular Markers 
of Oxidative Damage 


Lipid Peroxidation 


The spermatozoa plasma membrane is rich in polyunsaturated 
fatty acids (PUFA), particularly the omega 3 PUFA docosa- 
hexaenoic acid (DHA), when compared to most somatic cells. 
These double bonds between the carbon atoms are particularly 
more vulnerable to oxidative damage through lipid peroxida- 
tion [14]. Furthermore, there is a relatively large surface area 
around the head and tail of these elongated cells. Spermatozoa 
additionally have little cytoplasm compared to most somatic 
cells, which reduces the concentrations of endogenous antioxi- 
dant defenses [26]. Although oxidation of oxysterols is associ- 
ated with physiological capacitation via removal of cholesterol 
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from the sperm membrane [30], oxidation of PUFAs within 
the relatively large surface area make spermatozoa par- 
ticularly vulnerable to detrimental lipid peroxidation under 
OS [26]. Although spermatozoa actively remove excessive 
peroxides from the cell membrane, when these processes are 
overwhelmed lipid peroxidation rapidly results in damage to 
the mitochondrial membrane, leading to a loss of intracellular 
ATP production and resulting in further reduction of sperm 
motility [30]. 

The process of lipid peroxidation (LPO) results in the initia- 
tion of a radical chain reaction within the PUFA, and the prod- 
ucts of this produce highly reactive lipid radicals that are toxic 
and even mutagenic, which includes various molecules such as 
aldehydes [30]. End products of LPO include various genotoxic 
and mutagenic molecular markers of OS such as malondialde- 
hyde (MDA), 4-hydroxy-2-alkenals, and 2-alkenals, which are 
mutagenic and genotoxic [31,32]. As PUFA provide more fluid- 
ity to the membrane important for remodeling, capacitation, and 
acrosome reaction, the damage to these double bonds results in 
the reduction of the spermatozoa membrane fluidity. Therefore, 
this contributes significantly to the inability for sperm-oocyte 
fusion as well as damage to calcium regulation channels critical 
for motility [26,30]. 


Chromatin Damage and DNA Fragmentation 


In addition to LPO, the DNA integrity of the spermatozoa is 
particularly vulnerable to OS [33]. DNA damage is a major 
characteristic of ROS-induced defects to spermatozoa. These 
damages can either be due to direct oxidation of the DNA caus- 
ing DNA fragmentation or due to indirect action of end products 
of LPO such as malondialdehyde (MDA), 4-hydroxy-2-alkenals, 
or 2-alkenals, which are mutagenic and genotoxic [31,32]. 

Mechanism of OS induced DNA damage includes aberrant 
spermatozoa maturation, DNA fragmentation, and apopto- 
sis [26,29,34,35]. Consequences of increased DNA fragmenta- 
tion are very significant. These include the inability for genomic 
fusion after oocyte penetration (causing infertility), which is 
associated with spontaneous abortion if fertilization does occur 
and also with numerous disorders in the offspring [26] because 
this damage can be transmitted to the progeny [34]. 

Molecular markers of increased DNA damage and fragmen- 
tation include base adducts evidenced by increased 8-hydroxy- 
2’-deoxyguanosine (8OHdG), a known marker of DNA oxidative 
damage [36]. 


Mitochondrial Dysfunction 


In addition to being a prominent source of endogenous ROS, 
important for physiological function under steady state redox 
regulation, mitochondria are specifically sensitive to ROS- 
induced damage. Furthermore, when undergoing OS, mitochon- 
dria become a significant source of excessive ROS generation, 
further worsening OS. Thus, mitochondrial dysfunction is 
both a consequence and a cause of OS, mediating cellular dys- 
function [37,38,39]. As a result of its circular structure and 
less protection compared to genomic DNA, mitochondrial 
DNA (mtDNA) is up to 100 times more sensitive to ROS- induced 
damage [37,38,39]. 
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D] 
Clinical Determination of Oxidative 
Stress in Male Fertility 


During the past decades, several techniques to determine ROS 
and OS have been developed. These techniques are based on 
different principles. Unfortunately, only techniques developed 
in recent years have been attempted to be clinically validated. 
Therefore, there are still no globally accepted cut-off values 
available. 


Chemiluminescence 


Among the different types of luminescence, chemiluminescence 
describes the emission of light following a chemical reaction. 
Techniques based on the use of chemiluminescence are prob- 
ably the oldest techniques employed in andrology to determine 
the amount of ROS available in seminal fluid or sperm suspen- 
sions. These techniques are based on the emission of light as a 
result of the chemical reaction of ROS with a chemiluminescent 
probe leading to an electronic excited state. The emission of pho- 
tons (light) is then the consequence of the transition of an elec- 
tron from the electronic excited state in an energetically lower 
condition. 

Light can be detected and quantified very sensitively with rel- 
evant photodetectors. Although there are numerous luminescent 
compounds, the most commonly used chemiluminescent probes 
used in andrology are luminol and lucigenin (Figure 13.1) [40], 
whereby the quantum efficiency for these two compounds are 
0.01 Oa, (Einstein/mol) and 0.02 O, respectively. However, 
compared with bioluminescence, which is a form of chemilumi- 
nescence where the light is emitted by a living organism and has 
an efficiency of about 90%, chemiluminescence using luminol or 
lucigenin has only a quantum efficiency of about 176—256. Yet, the 
detection limits for direct chemiluminescence like these is about 
10-15 mol. While luminol reacts with numerous intra- and extra- 
cellularly produced ROS including H,0O,, O,”, and OH, lucigenin 
1s more specific for extracellular superoxide [41]. Yet, researchers 
widely preferred the use of luminol due to its sensitivity, which 
can be enhanced by the use of horseradish peroxidase as cata- 
lyst [42]. On the other hand, it appears that luminol chemilumi- 
nescence is generated under various chemical conditions, and 
therefore, this system is prone to numerous interferences [43,44]. 
Hence, scientists are looking for alternative test systems to mea- 
sure ROS in seminal fluid and their production by spermatozoa 
and seminal leukocytes. 
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FIGURE 13.1 Structural formulas of luminol (a) and lucigenin (b). 
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Several reports indicated the usefulness of chemilumines- 
cent detection of ROS and thereby the sperm cells” exposure to 
OS [41,45,46,47]. These reports also indicate that oligozoosper- 
mic patients have generally higher seminal ROS levels than fer- 
tile normozoospermic subjects. A study including 258 infertile 
men and 92 controls Argawal et al. [47] attempted to validate a 
luminescent assay using luminol as luminescent probe and cal- 
culated cut-off value of 102.2 RLU/s/10% sperm for the distinc- 
tion between patients and fertile donors. The test has a sensitivity 
of 76.476 and a specificity of 53.376 with positive and negative 
predictive values of 82.1% and 44.5%, respectively. 

Due to the mentioned problems with the test system and the 
high variability of the values obtained, the aim is to develop 
more robust test systems to determine ROS and OS, but at the 
same time the probe must be highly reactive and specific, other- 
wise wrong conclusions can be drawn. In addition, for the sake 
of the patients, such tests should also be affordable and quick. 


Fluorescence 


In contrast to chemiluminescence, where the light emission 
results from a chemical reaction, fluorescence is the emission 
of light by a substance that has been excited by light (or elec- 
tromagnetic waves) and emits photons usually at a longer, and 
thus less energetic, wavelength than the one which was absorbed. 
The electronic states of a molecule excited by photons and the 
electron transitions leading to either fluorescence or phosphores- 
cence is illustrated in Figure 13.2. 

Usually, fluorescence techniques are used, for example, to 
detect and localize specific proteins (immunofluorescence) 
or chromosomes or RNA targets (fluorescence in situ hybrid- 
ization [FISH]). To determine ROS in andrological diagnos- 
tics, dihydroethidium (DHE) or hexyl triphenylphosphonium 
(MitoSOX Red) are the most commonly used probes, both of 
which are reportedly specific for superoxide (48,49). While DHE 
is an uncharged, membrane-permeant probe detecting overall 
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FIGURE 13.2  Jablonski diagram illustrating photo excitation of a mol- 
ecule resulting in fluorescence or phosphorescence. For fluorescence, the 
light is emitted immediately after excitation, and in phosphorescence, the 
slower re-emission of light is due to excited electrons trapped in a so-called 
"triplet state” with only “forbidden” transitions available. Hence, the release 
of the energy by the electrons returning to the low-energy singlet state in 
form of light emission takes longer. 
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superoxide production, MitoSOX Red is a cationic, lipid-soluble 
derivative of DHE specifically targeting superoxide production 
in mitochondria [49]. 

In 63 randomly selected nonleukocytospermic infertile 
patients [50], luminol-dependent chemiluminescence was sig- 
nificantly correlated (r = 0.576) with the number of seminal 
leukocytes, but much less (r = 0.296) sperm intracellular ROS 
production determined by means of the DHE test. On the other 
hand, sperm DNA fragmentation was strongly positively corre- 
lated with intracellular ROS production, while the correlation 
with seminal ROS-production was much weaker. This indicates 
that seminal OS has a lesser influence on sperm DNA fragmen- 
tation than the intracellular ROS production by the male germ 
cells themselves rendering intracellular ROS production possibly 
a more important parameter for male-infertility diagnosis than 
extracellular ROS in seminal fluid. In principle, this result was 
confirmed by Zandieh et al. [51] who concluded that intracellular 
ROS and sperm DNA damage were higher in infertile patients 
compared with the controls. 

While Henkel et al. [50] used fluorescence microscopy to 
identify ROS-positive sperm, Mahfouz et al. [46] employed flow 
cytometry to detect the ROS-positive sperm cells and recom- 
mended that determination of intracellular ROS production by 
flow cytometry. Besides the general advantages of this methodol- 
ogy, this procedure is not only more specific for intrinsic ROS- 
production in live sperm but also requires lower sperm counts 
than ROS detection in seminal plasma. Despite the fact that flow 
cytometry is robust methodology and is routinely used for clini- 
cal diagnosis, and sperm intracellular ROS production has been 
suggested being the main source of ROS and in cases of varico- 
cele [52], determination of intracellular ROS has not been clini- 
cally evaluated yet. A possible reason for this could be that the 
probe seems to catalyze dismutation of Mahfouz et al., hence 
providing on qualitative information of superoxide production 
and not quantitative data [53]. Therefore, no cut-off values to 
identify patients with high intracellular ROS production have 
been proposed. 


Thiobarbituric Acid Reactive Substances (TBARS) 


Since OS is the result of an imbalance between oxidants and anti- 
oxidants in favor of the oxidants, which react with the plasma 
membrane lipids and produce malondialdehyde (MDA) as a sta- 
ble, highly mutagenic end product in the process of lipid peroxida- 
tion. MDA can be detected and quantified using a thiobarbituric 
acid reactive substances (TBARS) test [54,55,56]. This test has 
repeatedly been used to investigate the levels of OS by means of 
the MDA concentrations in various fields of medicine, including 
andrology [55,57,58,59], and significantly higher MDA levels have 
been found in infertile patients. In addition, a strong positive cor- 
relation between seminal MDA levels and sperm DNA fragmenta- 
tion, a parameter which has clearly been shown to be predictive of 
fertilization in vivo and in vitro [60,61], is evident [62]. 


Nitroblue Tetrazolium (NBT) Test 


Nitroblue tetrazolium (NBT) is known to detect polymor- 
phonuclear leukocytes in patients with chronic granuloma- 
tous disease [63] for more than five decades. The yellowish, 
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water-soluble, membrane-permeable tetrazolium salt reacts with 
cellular superoxide to form a dark-blue-to-purple formazan, 
which can be measured spectrophotometrically [64] or observed 
microscopically [65]. This detection can also be done in sperma- 
tozoa [65]. Esfandiari et al. were the first to investigate this test 
for the analysis of semen samples and found strong positive asso- 
ciations of NBT-positive leukocytes with seminal ROS levels as 
determined by means of luminol-chemiluminescence. 

In 2010, Tunc et al. developed a spectrophotometry-based test 
system in a small study including 21 fertile and 36 infertile men 
and calculated a cut-off value of 24 ug formazan/10’ sperm for 
the identification of infertile patients. Due to its simplicity and 
low cost, Amarasekara et al. [66] proposed this test as a cost- 
effective diagnostic tool, especially in developing countries. 
However, the calculated cut-off value of 42.02 ug formazan/10” 
sperm differed considerably from the cut-off reported by Tunc 
et al. [67]. 

Recently, Gosalvez et al. [68] evaluated a colorimetric, com- 
mercially available kit of the test, Oxisperm? kit (Halotech? 
DNA, Madrid, Spain) in more than 700 patients from seven 
andrology centers. These authors indicate seminal plasma as 
the most important fraction for superoxide production, rather 
than spermatozoa because superoxide could only be detected in 
spermatozoa in 3276 of the semen samples. The authors also sug- 
gested this test as a straightforward test to determine seminal 
OS and the effect of antioxidative treatment. On the other hand, 
Aitken [26] criticized this test because NADH/NADPH, or any 
enzyme able to reduce the dye for that matter, can indicate ROS 
false positively. Hence, the NBT test would not measure OS. 
Furthermore, with regard to the assumption that NBT would be 
able to detect intracytoplasmic ROS production in sperm, cells 
that have only an extremely limited amount of cytoplasm seems 
questionable. Conversely, Gosalvez et al. [69] argued that the 
test is extensively used over decades and whether P450 and b5 
reductase activities would be present in seminal plasma. Though 
it seems that a number of questions about the validity regarding 
this simple test still have to be answered, De Jonge [70] brings it 
to the point that sperm will have to be removed from the seminal 
plasma as quick as possible for the male germ cells to be able to 
fertilize oocytes successfully. Any test should be able to rapidly, 
reliably, and cost-effectively identify patients with seminal OS 
and whom can then effectively be treated, either with assistive- 
reproductive techniques (ARTS) or, preferably, if an adequate 
antioxidant therapy can be employed, for the couple to conceive 
in vivo. 


Oxidation-Reduction Potential (MiOXSYS) 


Recently, Agarwal et al. [71] introduced a novel method to deter- 
mine seminal OS using the MiOXSYS system. This method 
is different from the methods described before as it measures 
OS directly as electrochemical oxidation-reduction potential 
(ORP). This method is a galvanostat-based technique, where 
the MiOXSYS system measures the transfer of electrons from 
reductants (electron donators; antioxidants) to oxidants (electron 
acceptors). The electrochemical difference between reductants 
and oxidants (ROS) is called redox-potential or ORP, is mea- 
sured in milli Volts (mV) and calculated according to the Nernst 
equation [72]: 
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E-RT 
E(ORP) => 
i nF In([ Red/Ox ]) 


where: 


E”: standard reduction potential 

R: universal gas constant 

T: absolute temperature 

n: number of moles of exchanged electrons 
F: Faraday's constant 

Red: concentration of reduced species 

Ox: concentration of oxidized species. 


At a cut-off value of 1.36 mV/106 sperm/mL ORP can signifi- 
cantly identify normal semen and abnormal semen samples with 
a sensitivity of 69.6%, specificity of 83.1%, positive predictive 
value of 85.3%, and negative predictive value of 65.9%. The test 
shows an interobserver reliability of more than 0.97 [73]. In addi- 
tion, the technology meets the requirements for a clinical assay 
as it is quick, reliable, and cost effective [74]. Measurement of 
ORP in only 30 LL of semen takes about 3-5 minutes, allowing 
the analysis of seminal OS while the patient is still consulting 
with the doctor. ORP could significantly differentiate patients 
with any two abnormalities (oligozoospermia, asthenozoosper- 
mia, or teratozoospermia) from normozoospermic men. 


Management of Oxidative Stress 


Numerous well defined pathologies mediate reproductive dysfunc- 
tion through OS. Therefore, the appropriate diagnostic assessment 
is required in all infertile males to identify any relevant diagnosis. 
Many of these are correctable with current evidence-based thera- 
peutic or surgical options that improve fertility in these males and 
reduce relevant ROS. Importantly, cotreatment with antioxidants in 
these pathologies is generally increasing an evidence base, although 
clear dosage and durations have yet to be evaluated. This includes 
varicocele, genital tract infections, and leukocytosis [75,76]. 
Evidence suggests that weight loss and appropriate lifestyle adop- 
tion further improves obesity and metabolic-syndrome-associated 
infertility mediated in part by OS, as well as potentially limiting the 
impact of aging on the male reproductive system [24,77]. However, 
the role of antioxidant therapy as an adjunct in well-defined pathol- 
ogies requires further investigation [78]. 


Lifestyle and Nutrition 


Numerous lifestyle factors increase endogenous and exoge- 
nous ROS production, negatively impacting male reproductive 
systems and general health and well-being [79]. Nutrition is a 
complex area of study that requires significant understanding of 
energy regulation, pathophysiology of cellular stress pathways, 
the influence of the microbiota, genetic polymorphism inheri- 
tance, epigenetic expressions, and the role of plant-derived poly- 
phenols [80]. Endogenous antioxidant defenses are not adequate 
to completely scavenge all ROS, and exogenous antioxidants 
through nutritional sources are important. In addition, some anti- 
oxidants, under certain metal ion interactions, can cause OS [81]. 
The role of different nutrients and supplementation is not cur- 
rently clear and requires significant investigation. The optimal 
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intake of appropriate nutrition and antioxidant supplementation 
or treatment has not yet been established [81]. 
Nutritional-induced OS is generated by increased oxidant load 
and reduced antioxidant supply and generation [82]. This can 
be induced in normal physiology or through inflammatory and 
oxidation factors [81]. This includes epigenetic modifications 
through OS [83]. Importantly, postprandial OS, particularly 
through acute hyperglycemia or hyperlipidemia, and further 
influenced through high-heat cooking methods, trigger inflam- 
mation and OS. When continuous and ongoing, this can induce 
chronic cellular stress and promote multiple chronic diseases [81]. 
Therefore, nutritional intake of macro- and micronutrients and 
preparation methods require consideration in management. 
Carbohydrates, particularly sugars like glucose, fructose, and 
sucrose, are closely associated with OS and associated atheroscle- 
rosis. Meals with excessive carbohydrates profoundly elicits post- 
prandial OS, more so that high-fat meals [84]. High-energy sugar 
and high-fat diets, particularly saturated and trans-fatty acids, gen- 
erate excessive ROS systemically and disrupt or reduce enzymatic 
and nonenzymatic antioxidant activity [85]. Protein consumption 
is less clear, but long term does not appear to elicit OS. However, 
proteins are activated by oxidation and further modulate bacte- 
rial responses to OS [86,87]. Alcohol results in ROS production, 
particularly through cellular metabolism and resulting in acetalde- 
hyde production through the detoxification process, altering meta- 
bolic and, particularly, mitochondrial functioning [88,89]. 
Improvement in adiposity and management of appropriate 
weight is an important consideration. Foods that reduce OS, as 
well as improve male-fertility parameters, include a variety of fruit 
and vegetables, vegetable oils, nuts and seeds, alongside increased 
unsaturated fatty acids (particularly omega-3 polyunsaturated fatty 
acids), antioxidants, and relevant micronutrients [90,91]. Omega 
3 long-chain fatty acids are well known to regulate basal immune 
pathways, reduce inflammation, and OS. Eicosapentaenoic acid 
and docoshexanoic acid from cold water oily fish predominantly 
are well established to regulate OS, as well as prevent and man- 
age metabolic complications of obesity and metabolic syndrome, 
including carcinogenesis [92,93]. Fiber appears to elicit a signifi- 
cant reduction in markers of OS and inflammation [94]. The appro- 
priate nutritional intake closely resembles the Mediterranean diet, 
which is associated with reduced OS alongside improved male- 
fertility parameters [95]. In addition, limiting caloric intake without 
the induction of nutrient deficiencies through caloric restriction has 
been found to significantly reduce OS and inflammatory markers. 
This promotes cellular function, reduces oxidative damage accumu- 
lation, and translates into increased longevity in humans [96]. 
Although individualized dietary management is an ideal out- 
come, currently guidelines are required for appropriate manage- 
ment within different chronic disease presentations. Importantly, 
these are dependent on numerous sector cooperation, including 
agriculture methods and harvesting, supply chain and preserva- 
tion, relevant economics, local, national, and global governmental 
policies, and relevant culture and anthropology [80]. 


Nutritional Supplementation: Antioxidants 


Antioxidants assist to regulate redox biology and defend against 
OS through enzymatic and nonenzymatic mechanisms. Endoge- 
nous enzymes include the SOD family, CAT, and peroxidases. 
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Nonenzymatic reactions are mediated, for example, by various 
vitamins and minerals, as well as various phytonutrients [79]. It is 
increasingly apparent that exogenous antioxidant therapy may be 
beneficial on semen parameters, although the appropriate anti- 
oxidants, including duration and dosage of therapy, are still to 
be further established [79]. Meta-analysis data strongly suggests 
that antioxidant-rich nutritional consumption reduces all causes 
of morbidity and mortality. This is particularly associated with 
increased circulating levels of &- and B-carotenes, total carotenoids, 
ascorbic acid (vitamin C), vitamin E, zinc and selenium, zeaxan- 
thin, and lutein [24.97]. LPO can be prevented predominantly by 
lipophilic antioxidants. This particularly includes vitamins A and 
related beta-carotenoids, and vitamin E. These have been sug- 
gested to improve fertility outcomes in the setting of excessive 
OS, particularly LPO [24,98]. Reduced amounts of these lipid solu- 
ble antioxidants in the reproductive tract and seminal plasma nega- 
tively affect sperm concentration, motility, and morphology [98]. 
Androgen synthesis may also be improved with antioxidant ther- 
apy when in the context of OS, including selenium, coenzyme Q10 
(CoQ10), and N-acetyl-cysteine, with associated improvement in 
sperm parameters [24,79]. 


Herbal Medicine: Antioxidants 


Phytonutrients have been found to mediate many biological 
benefits through significant antioxidant capacity. Particular phy- 
tonutrients rich in antioxidant activity includes flavonoids, poly- 
phenols and catechin compounds. This has been associated with 
reduced OS systemically, as well as in the reproductive tract [15]. 
Cohort and longitudinal studies increasingly establish the benefit 
of high consumption of plant-derived foods in preventing and 
the management of obesity and related metabolic pathophysi- 
ology, morbidity and mortality [99]. Herbal extracts associ- 
ated with reduced seminal OS is Eurycoma longifolia Jack, 
Cardiospermum halicacabum, Vitis vinifera, Origanum majo- 
rana, Syzygium aromaticum, Nigella sativa, Lycium barbarum, 
Tribulus terrestis, Asteracantha longifolia, and Polycarpea 
corybosa [24]. 

Phenolic compounds intake particularly is associated with 
reduced CVD, T2DM, and various malignancies. However, the 
molecular mechanisms are complex, mediated through numer- 
ous different pathways directly and indirectly. This may include 
gene modulation and transcription factor regulation in various 
cell-signaling cascades, particularly involved in cell survival and 
apoptosis [99]. Polyphenols are well characterized plant-derived 
antioxidants [80,100]. This is more complex, and the mecha- 
nisms of cellular activity are not well known. There is evidence 
of mild oxidative activity that results in a beneficial cellular 
response and may modulate signaling between mitochondria 
and endoplasmic reticulum relevant to cellular energy regula- 
tion and ROS generation [80]. Polyphenols further regulate eico- 
sanoid production exerting anti-inflammatory activity. These 
compounds are therefore increasingly investigated with support- 
ing benefit for inflammatory-mediated chronic disorders [100]. 
Flavonoids are able to react with and neutralize superoxide, lipid 
peroxide radicals, protecting cellular structures, and conversely 
may generate H,O, with cytotoxic consequences [101]. As a fla- 
vonoid group, anthocyanins have anti-inflammatory and anti- 
oxidant activity, mediated in part through modulation of nuclear 
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factor-kappa (NF-kf) and mitogen-activated protein kinase sig- 
naling, regulating inflammatory gene transcription, and molecu- 
lar activity [102]. 


Conclusion 


ROS are critical regulators of cellular and tissue physiology, 
including male reproduction and fertility. Human spermatozoa 
produce ROS, which is fundamental for fertility; however, ROS 
are also fundamental for spermatogenesis and steroidogenesis. 
Excessive ROS or reduced antioxidant capacity results in OS, 
mediating complex chronic disease and male infertility. This is 
due to poor lifestyle choices, such as poor nutrition, sedentary 
lifestyle, and associated adiposity. Further factors include tobacco 
smoking, alcohol consumption, environmental contaminants, pol- 
lution, and endocrine disruptors. Furthermore, OS is mediated 
through local reproductive tract pathologies, including infectious 
disease, leukocytospermia, and varicocele, and systemic disease 
including obesity, metabolic syndrome, and diabetes mellitus. 
ROS disrupts male fertility through LPO on cell membranes and 
mitochondria and through protein damage to molecular structures 
including DNA. DNA fragmentation and mitochondrial dysfunc- 
tion are important consequences and, then further causes, of OS. 
The determination of OS in the male reproductive system is not yet 
standardized, and techniques currently include chemilumines- 
cence, fluorescence, TBARS, and NBT tests on the ejaculate. More 
recently, ORP determination via the MiOXYS has been standard- 
ized for the determination of ORP in seminal fluid, yet this requires 
further clinical validation. Management of OS is also not clearly 
defined, however, appropriate nutritional therapy, micronutrient 
supplementation, and phytotherapy considerations are recom- 
mended for short-term application to reduced OS and subsequent 
DNA fragmentation systemically as well as in male reproduction. 
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KEY POINTS 


ment of idiopathic male infertility. 


* Inthe treatment of men with hypogonadotropic hypogonadism, gonadotropin-releasing hormone (GnRH) or gonado- 
tropin treatment is recommended for men who desire to have children, whereas testosterone therapy (TRT) is indi- 
cated for those who have no desire for children or have already completed their families. 


* Bromocriptine is inferior when compared to cabergoline in reducing the risk of persistent hyperprolactinemia. 
* Use of antiestrogens showed significant increases in sperm concentration, motility, and pregnancy rate in the treat- 


* Aromatase inhibitor is recommended for men with testosterone-to-estradiol (T/E2) ratio less than 10. 


* Use of exogenous testosterone has been prescribed by some healthcare providers in the understanding that this 
improves semen parameters without knowing its contradicting effect to reproductive outcome. 


Introduction 


Infertility, found in 15% of married couples after 12 months of 
regular and unprotected sexual intercourse, can cause significant 
psychological stress to the couple. Approximately 50% of this is 
attributed to male factors [1]. There is a wide list that can sig- 
nificantly cause male infertility. This can be due to identifiable 
hormonal or anatomical causes. Due to the heterogeneity of its 
etiologies, it is challenging to deal with male infertility because 
it is not a straightforward evaluation and treatment [2]. Despite 
the exhaustive efforts to determine the underlying cause of male 
infertility, about 25%-50% will still present with idiopathic 
cause. This will lead to empirical medical treatment because 
the evidence is still inconclusive. In addition, there is no pres- 
ent clear recommendation and consensus to fully deal with the 
underlying etiologies of this idiopathic male infertility [3,4]. 

The hormonal basis of human reproduction from spermato- 
genesis to pregnancy has been an interesting field of evolving 
investigation. This chapter will focus on the hormonal therapies 
for male infertility. 


Hormonal Control of Spermatogenesis 


The hypothalamic-pituitary-gonadal (HPG) axis is an integrated 
complex system that makes normal induction of spermatogen- 
esis through proper secretion of hormones necessary for fertil- 
ity (Figure 14.1). The neurosecretory cells located in the medial 


basal hypothalamus and the arcuate nucleus of the hypothala- 
mus release the GnRH in a pulsatile manner into the hypotha- 
lamic-hypophyseal portal circulation. This acts on the anterior 
pituitary gland to stimulate the production and secretion of 
gonadotropins. These gonadotropins, including luteinizing hor- 
mone (LH) and follicle-stimulating hormone (FSH), regulate 
testosterone production and the process of spermatogenesis, 
respectively [5]. 

LH stimulates the Leydig cells, which are outside the seminif- 
erous tubules. These cells are mainly responsible for testoster- 
one production. Once secreted into the circulation, testosterone 
is responsible for sexual and anabolic functions. On the other 
hand, FSH stimulates Sertoli cells to directly support spermato- 
genesis and to secrete inhibin B, which exerts negative regula- 
tion of FSH secretion from the pituitary gland [5]. Testosterone 
stimulates sperm production and sends signals to the hypothala- 
mus and pituitary gland to regulate GnRH secretions. Therefore, 
overproduction of testosterone exhibits a negative feedback on 
the GnRH neurons of the hypothalamus. This results to inhibi- 
tion of LH stimulation of intratesticular testosterone production 
and FSH stimulation of Sertoli cells. This maintains the normal 
male reproductive functions. Any derangement from these pro- 
cesses can lead to spermatogenic disorders [6]. Although known 
as a female hormone, estrogen plays a critical role in male sexual 
and reproductive functions. Testosterone is aromatized to estra- 
diol and exerts negative feedback to the hypothalamus and pitu- 
itary gland. This process causes decreased production of GnRH, 
LH, and FSH. In addition, there is evidence that estrogen inhibits 
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the LH effect on Leydig cells. It is believed that excess expo- 
sure to estrogen decreases serum testosterone level through this 
inhibition [7]. 


Other Hormones Affecting Spermatogenesis 


Other hormones have been implicated in the process of sper- 
matogenesis. These include prolactin, growth hormone, and thy- 
roid hormone. 


Prolactin 


Prolactin is mainly secreted by the anterior pituitary gland. Role 
of prolactin in male infertility is vastly unknown. Prolactin pri- 
marily exerts its inhibitory effects on pulsatile GnRH secretion, 
resulting to inhibition on the pulsatile release of FSH, LH, and tes- 
tosterone. Consequently, men may present with secondary hypo- 
gonadism and subsequent infertility [8]. There are data implying 
its effects on testicular function because its receptor expression 
has been demonstrated in germinal cells, Leydig cells, and Sertoli 
cells [9]. In another study, Hair et al. identified the localization 
of prolactin receptor expression in human testis and vas defer- 
ens. Later on, further localization was determined to the Leydig 
cells and germinal cells of the testis using immunohistochemis- 
try [10]. Sueldo et al. studied the seminal prolactin concentration 
and sperm reproductive capacity in 63 infertile men. Abnormal 
ovulation penetration, low sperm concentration, and motility were 
observed in those men with high level of prolactin in semen [11]. 


Growth Hormone 


The exact mechanism of growth hormone and its mediator 
insulin-like growth factor-1 (IGF-1) on male infertility is still 
unclear, although it is thought to have a gonadotropic effect. 

Lee et al. conducted a study on 79 men who demonstrated that 
lower levels of serum IGF-1 were significantly correlated with 
abnormal semen parameters compared to those with normal 
parameters [12]. 


Male Infertility in Reproductive Medicine 


EET 


Leydig cells 


Aromatase 


Testosterone Estrogen 


Thyroid Hormones 


It was shown that thyroid hormone receptors were being 
expressed by Sertoli cells. Likewise, thyroid hormones have 
demonstrated effects on development of Leydig cells. Male- 
factor infertility can be affected by both hypothyroidism and 
hyperthyroidism [13]. 

Impact of thyroid hormones on male reproduction are less 
studied. Alteration in thyroid functions seems to affect the 
metabolism of sex steroid hormones, leading to defects in sper- 
matogenesis and sperm motility and resultant infertility [14,15]. 


rca 
Hormonal Treatment Strategies 
in Male Infertility 


Patients must be informed of all the available options for the 
medical treatment of male infertility (Table 14.1). Many different 
categories of medications have been tried and demonstrated sat- 
isfactory outcomes. Despite this, many are still considered off- 
label drugs and warrant further studies to derive at a definitive 
conclusion. 


Specific Hormonal Treatment 
Hypogonadotropic Hypogonadism 


The release of FSH and LH from the anterior pituitary is stimu- 
lated by the pulsatile release of GnRH in the hypothalamus [6]. 
Hypogonadotropic hypogonadism can be caused either by defi- 
cient secretion of GnRH from the hypothalamus or deficient 
secretion of LH and FSH from the anterior pituitary gland. 
Consequently, reduced testosterone production and impaired 
process of spermatogenesis can occur. Low levels of serum tes- 
tosterone, LH, and FSH characterize the hormonal evaluation of 
this secondary hypogonadism condition. Etiologies consist of 
acquired or congenital causes. Anosmic hypogonadotropic hypo- 
gonadism (i.e., Kallmann Syndrome) and congenital normosmic 
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TABLE 14.1 
Medications Used for the Treatment of Male Infertility 
Dose and Frequency of Route of 
Medications Mechanism of Action Administration Administration 
Selective estrogen receptor modulator Inhibits the negative feedback of estrogen at Clomiphene citrate 25—50 mg/day Oral 
the level of hypothalamus and pituitary Tamoxifen 20 mg/day 
Enhances the excretion of LH and FSH from 
the anterior pituitary 
Aromatase inhibitor Inhibits the conversion of testosterone to Anastrozole 1 mg/day Oral 
estradiol and androstenedione to estrone Letrozole 2.5 mg/day 
Allows greater GnRH pulses leading to 
increased FSH production and excretion 
Dopamine agonist Activates the dopamine receptors in the brain Bromocriptine 2.5—5.0 mg; twice a week Oral 


GnRH Stimulates the anterior pituitary to secrete and 
produce LH and FSH 
hCG Acts as LH 


Enhances testosterone production 
FSH (recombinant/high purified) Activates Sertoli cells to sustain 
spermatogenesis 


hMG 


Stimulates Leydig cells and Sertoli cells 


Cabergoline 0.5-1 mg; twice a week 


GnRH 25-200 ng/kg per pulse every 
2 hours 


hCG 1,500-3,000 IU; twice a week 


Infusion Pump 
Subcutaneous 
Intramuscular 
Subcutaneous 


FSH 100-150 IU; Intramuscular 


twice or thrice a week Subcutaneous 
hMG 75 IU; twice or thrice a week Intramuscular 
Subcutaneous 


Abbreviations: 


hypogonadotropic hypogonadism (idiopathic) and isolated LH 
or FSH deficiency comprise the subdivision of the congenital 
causes. Acquired causes include pituitary lesions, hyperprolac- 
tinemia, trauma, sickle cell and radiation to the brain, exhaust- 
ing exercise, illicit drug intake, abusive alcohol consumption, sex 
steroids, and GnRH analogues use [16]. 

Treatment of men with hypogonadotropic hypogonadism 
includes pulsatile GnRH therapy, gonadotropin therapy, or TRT. 
Classic treatment for hypogonadism is TRT. GnRH or gonado- 
tropin treatment is recommended for men who desire future fer- 
tility. On the other hand, TRT is indicated for those who have no 
desire for children or already completed their families [16]. 

Pulses of GnRH (100—400 ng/kg every 2 hours subcutane- 
ously for 4 months) can be administered via a portable infusion 
pump. Happ et al. recommended the most effective dose of pul- 
satile GnRH is between 5 and 20 ug, which was used in men 
with Kallmann syndrome and boys with delayed puberty in a 
study [17]. In a study by Buchter et al. using pulsatile GnRH 
in 42 cases of secondary hypogonadism, spermatogenesis 
was proven by the presence of sperm in ejaculate in 94% of 
patients [18]. Pregnancies occurred in 72% of cases. 

Despite its beneficial effects, use of GnRH did not gain 
that much popularity compared to other treatment options for 
hypogonadotropic hypogonadism due to expensive cost and 
interference to patient's daily activities because of the use of 
a portable infusion pump and the frequency of administration 
(every 2 hours). In addition, its use is restricted to specialized 
tertiary hospitals [19,20]. 

Gonadotropin treatment is the most commonly used for those 
men who still desire to father a child and treat their hypogonadal 
symptoms. In such cases, sperm-production stimulation can be 
initiated by human chorionic gonadotropin (hCG) in combina- 
tion with human menopausal gonadotropins (hMG) or recom- 
binant FSH [16]. Gonadotropins were initially extracted from 


FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; hCG, human chorionic gonadotropin; hMG, human menopausal 
gonadotropin; LH, luteinizing hormone; IU, international units. 


urine. Recombinant forms of hCG, FSH, and LH are now avail- 
able. hCG is an LH analogue that can stimulate Leydig cells 
to produce testosterone, increasing the intratesticular levels of 
testosterone mandatory for Sertoli cell function and spermato- 
genesis. Therefore, initial treatment with hCG (1,000-2,500 IU 
twice a week for 8—12 weeks) is crucial to increase the level 
of testosterone. There are instances that hCG monotherapy 
can induce sperm production. Coadministration of hMG (75— 
150 IU thrice a week) or recombinant FSH (150 IU thrice a 
week) can be done if the patient does not have enough intrinsic 
FSH. With this approach, spermatogenesis can be achieved in 
90% of patients [19,20]. In a 30-year retrospective study includ- 
ing 36 men with hypogonadotropic hypogonadism in Japan, use 
of hCG/hMG for an average of 56 months demonstrated sper- 
matogenesis in 71% men with testis volume more than 4 mL 
compared to 36% of men with smaller testis volume [21]. In a 
multicenter, open label, randomized study by Bouloux et al. in 
49 hypogonadotropic hypogonadal men who were treated with 
hCG for 16 weeks, 30 men were still azoospermic after hCG 
monotherapy. Use of recombinant FSH (2 x 225 IU/week or 
3 x 150 IU/week) with hCG induced spermatogenesis in 14 
out of 30 men after median duration of 5.5 months [22]. In a 
noncomparative study by Warne et al. of 100 men with com- 
plete idiopathic or acquired hypogonadotropic hypogonadism, 
pretreatment with hCG for 3-6 months followed by combina- 
tion treatment with hCG and recombinant FSH 150 IU three 
times a week for up to 18 months showed effectiveness for the 
restoration of fertility [23]. After hCG pretreatment, 81 men 
reached the normal serum testosterone levels, although still 
azoospermic. However, combination therapy with recombinant 
FSH demonstrated spermatogenesis in 84% of men. Sperm 
count more than 1.5 million/mL was achieved by 56 men. 
Treatment with hCG 1,500-2,000 IU twice weekly or combina- 
tion with recombinant FSH 75-150 IU thrice weekly resulted in 
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38 pregnancies out of 75 included in the study by Liu et al. [24]. 
Median time to return of spermatogenesis was 7.1 months and 
28 months to achieve pregnancy. 

According to the American Association of Clinical 
Endocrinologists medical guidelines, injections with hCG are 
recommended to those peripubertal boys with hypogonadotropic 
hypogonadism and delayed puberty [25]. This will provide the 
development of secondary sexual characteristics and maximize 
fertility potential [26]. Testicular size is noted to increase over 6 to 
9 months in most boys [27]. hCG monotherapy is effective in the 
treatment of induction of spermatogenesis in patients with delayed 
pubertal presentation. In a study by Vicari et al. of 17 males with 
isolated hypogonadotropic hypogonadism, 70% of patients became 
sperm positive after the long-term treatment (14—120 months) with 
hCG. This was more pronounced in patients with testicular vol- 
ume greater than or equal to 4 cm (90% vs. 60%) [28]. 

In a systematic review [29] of hormonal replacement therapy 
in infertile men, selective estrogen receptor modulators (SERM) 
or testosterone plus low-dose hCG can be given to hypogonadal 
men who still want to maintain their fertility at the same time 
gaining benefit from TRT. Intrauterine insemination (IUI) and 
intracytoplasmic sperm injection (ICSI) can be used to achieve 
pregnancy in couples whose male partners have secondary hypo- 
gonadism [30,31]. In men with persistent azoospermia despite 
hormone therapy for a long period of time, testicular sperm 
extraction (TESE) is a valid option for successful pregnancy [32]. 


Hyperprolactinemia 


Different etiologies are linked to hyperprolactinemia even in 
physiological states. It can be caused by adenomas that account 
for 4096 of all pituitary tumors [33]. It may also arise due to 
pharmacological or pathological disruption of the hypothalamic- 
pituitary dopaminergic pathways [34]. In a multicenter study 
with 1,234 hyperprolactinemic patients, the most common cause 
of hyperprolactinemia was prolactinomas (56.2%). Clinical man- 
ifestations of prolactinomas include local tumors mass effects 
aside from hyperprolactinemia. On magnetic resonance imaging 
(MRI), microadenomas are defined as tumors with a diameter 
of less than 1 cm. On the other hand, tumors larger than 1 cm 
are labeled as macroadenomas [34]. Other causes in the study 
included drug-induced hyperprolactinemia (14.596), macrop- 
rolactinemia (9.3%), nonfunctioning pituitary adenoma (6.6%), 
primary hypothyroidism (6.3%), idiopathic hyperprolactinemia 
(3.6%), and acromegaly (3.2%) [35]. Hyperprolactinemia may 
lead to hypogonadism and subsequent infertility regardless of 
any etiologies [34]. In patients with symptomatic nonphysiologi- 
cal hyperprolactinemia, it is important to exclude medication 
use, renal impairment, hypothyroidism, pituitary, and parasellar 
tumors [36]. 

A single measurement of serum prolactin above the upper 
limit is used to establish a diagnosis of hyperprolactinemia [36]. 
Currently, there is no definite level of prolactin that can define 
hyperprolactinemia. However, prolactin levels of more than 
500 ng/mL were exclusively seen in patients with macroprolac- 
tinomas [35]. Prolactin levels greater than 250 ug/L commonly 
demonstrate the presence of prolactinoma, although selected 
drugs like metoclopramide and risperidone may elevate prolactin 
levels to more than 200 ug/L [37]. 
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In general, dopamine agonists have shown an established role 
in the treatment of hyperprolactinemia [36]. Previous studies 
on prolactin in the treatment of male infertility were reported 
showing some beneficial effects. Ten men with hyperprolac- 
tinemia were treated with daily intake of bromocriptine 2.5 mg 
for 8-16 weeks. This resulted in lowered prolactin levels in 
9 patients. Three of the oligospermic men showed an eightfold 
increase in sperm motility but not in sperm concentration. Their 
partners conceived within 5-8 weeks of treatment [38]. Webster 
et al. conducted a multicenter, prospective, randomized double- 
blind, placebo-controlled study in 188 patients with elevated 
serum prolactin [39]. Treatment with cabergoline 0.125-1 mg 
twice weekly for 4 weeks resulted to normalization of prolactin 
in up to 95% of cases with minimal adverse events. In a retro- 
spective review of 455 patients with pathological hyper prolac- 
tinemia, treatment with cabergoline 1 mg/week was reduced to 
0.5 mg/week once control achieved normal prolactin levels in 
86% of all patients. Those with microprolactinoma needed only 
50% of the dose used for macroprolactinomas. In addition, they 
had a high likelihood of obtaining normal prolactin levels [40]. 
In a prospective observational study [41] of 15 men with macro- 
prolactinoma, 6-months of treatment with cabergoline demon- 
strated significant improvement in seminal fluid volume (from 
1.4 + 0.3 mL to 2.0 + 0.5 mL, p « 0.05), sperm count (from 
43 million/mL to 73 million/mL, p « 0.01), and progressive 
motility (from 47% to 52%, p « 0.01). Modebe et al. demon- 
strated normalization of serum prolactin level and increase in 
sperm count after treatment with bromocriptine in seven infertile 
men with both oligospermia and hyperprolactinemia [42]. Two 
of the partners of these men became pregnant. In a comparative 
study of men with macroprolactinoma treated with cabergoline 
(n 2 7) and bromocriptine (n = 10), treatment with cabergoline 
resulted in an earlier response to normalization of prolactin level, 
improvement of gonadal and sexual function, and achievement of 
fertility in addition to its advantage of providing good tolerability 
and excellent patient compliance to treatment [43]. 

Patients taking dopamine agonists commonly complained of 
nausea, dizziness, headache, and postural hypotension [44]. Most 
of these side effects are experienced more by patients on bro- 
mocriptine. In one study, nausea (43.6% vs. 18%, p « 0.001) and 
vomiting (20.2% vs. 3.4%, p « 0.001) were significantly seen in 
patients who were treated with bromocriptine compared to cab- 
ergoline [45]. In another study, overall adverse event rate (15.396 
vs. 2.596; p = 0.0004) was significantly higher with bromocriptine 
than with cabergoline [46]. 

A systematic review and meta-analysis [44] on the treatment of 
hyperprolactinemia was done by Wang et al. Overall, dopamine 
agonist showed a significant decrease in prolactin levels (WMD, 
—45; 95% confidence interval [CI] —77 to —11) and the likelihood 
of persistent hyperprolactinemia (relative risk [RR] 0.90, 9576 CI 
0.81—0.99). Bromocriptine was inferior when compared to caber- 
goline in reducing the risk of persistent hyperprolactinemia (RR 
2.88, 95% CI 2.20-3.74). 

The Endocrine Society has formulated a Clinical Practice 
Guideline for the diagnosis and treatment of hyperprolac- 
tinemia [36]. Prolactin measurement of more than 500 ug/L is 
consistent with macroprolactinoma, although presence of prolac- 
tinoma may be evident in a prolactin level greater than 250 ug/L. 
Likewise, even a slight increase in the level of prolactin may 
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indicate the presence of prolactinoma. Treatment with dopamine 
agonist is recommended to decrease prolactin level and tumor 
size. This results in subsequent restoration of gonadal functions 
for those patients with symptomatic microadenoma or macroad- 
enoma. Due to superior outcomes in normalization of prolactin 
level and greater reduction of tumor size, cabergoline is the pre- 
ferred dopamine agonist over bromocriptine. For those patients 
presenting with positive outcomes, discontinuation of the medi- 
cation can be considered after at least 2 years of treatment. 


Empirical Hormonal Treatment 


There is wide variety of medications that are used for the empiric 
treatment of idiopathic male infertility. This type of male infer- 
tility factor is characterized with abnormal semen parameters 
with no identifiable etiology. This accounts for 25%-50% of 
male-factor infertility [47—50]. Despite these available medica- 
tions, there are limited good methodological quality studies to 
recommend its use. Most of the empirical treatment for male 
infertility lack Food and Drug Administration approval and are 
termed off label medications [47]. 


Selective Estrogen Receptor Modulators (SERM) 


Clomiphene citrate is a selective estrogen receptor modulator 
responsible for the inhibition of the negative feedback at the level 
of hypothalamus and pituitary. This action enhances the excretion 
from the anterior pituitary of LH and FSH, resulting in increased 
testosterone production and spermatogenesis, respectively. 
Therefore, it is not recommended for men with already increased 
gonadotropins from the initial presentation. Enclomiphene and 
zuclomiphene are the two isoforms that comprise the racemic mix- 
ture of clomiphene citrate. Clomiphene citrate is most commonly 
used in normogonadotropic men with low testosterone and nor- 
mal T/E2 ratio [51]. In a recent study, the reported adverse effects 
were headache, gynecomastia, skin rash, testicular enlargement, 
visual disturbances, dizziness, impotence, and decreased libido. 
Although all of these were categorized as nonserious side effects 
(CHUA), pulmonary embolism and venous thrombosis have been 
reported in men taking clomiphene citrate [52,53]. 

Before the introduction of ART, antiestrogens such as clo- 
miphene citrate and tamoxifen were mainly used as the treat- 
ment option for idiopathic male infertility due to its low cost and 
ease of administration [54]. Based on an American Urological 
Association (AUA) survey, clomiphene citrate is the most com- 
monly prescribed drug by general urologists compared to fel- 
lowship trained urologists (79.5% vs. 29.3%, p < 0.001) in the 
empirical medical treatment of idiopathic male infertility [55]. 

Doses ranging from 25 to 50 mg/day of clomiphene citrate 
were studied extensively in a number of trials [6]. Several stud- 
ies have demonstrated the use of clomiphene citrate in the treat- 
ment of severe oligospermia, azoospermia, and idiopathic male 
infertility. Patankar et al. used clomiphene citrate 25 mg daily 
for 3 months on 25 men with severe oligozospermia (Group 1) 
and 40 men with moderate oligozoospermic (Group 2) [56]. 
Significant improvement on mean sperm count in Group 1 (from 
3.84 million/mL to 8.2 million/mL, p « 0.05) and Group 2 
(from 13.04 million/mL to 23.55 million/mL, p « 0.001) were 
noted. In addition, mean motile sperm count in both Group 1 
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(p « 0.05) and Group 2 (p « 0.01) were significantly increased. 
In another study by Mazzola et al., 76 men with hypogonadism 
were treated with clomiphene citrate (25—50 mg). Increase of 
more than 200 ng/dL in total testosterone after 6 months of treat- 
ment is considered a successful biochemical response to clomi- 
phene citrate. Forty-nine men attained the mean total increase in 
total testosterone of 288 + 76 ng/dL [57]. Successful predictors 
of response to clomiphene citrate include mean testicular volume 
>14 mL (p < 0.01) and LH level « 6 IU/mL (p « 0.001). 

Clomiphene citrate has been used to men with nonobstructive 
azoospermia (NOA). In a study by Hussein et al., 42 men with 
either hypospermatogenesis or maturation arrest from multi- 
centers were treated for 3—9 months with clomiphene citrate 50 mg 
every other day until it reached testosterone 600—800 ng/dL [58]. 
Sixty four percent of men showed sperm in the ejaculate with 
mean sperm density of 3.8 million/mL, mean motility of 20.8%, 
and mean total sperm count of 2.6 million. Fifteen men stayed 
azoospermic after treatment, but successful sperm retrieval for 
ICSI was achieved in all those who remained azoospermic. 

Comparative studies between clomiphene citrate and other 
drugs used for male infertility were reported. Both clomiphene 
citrate and anastrozole have been prescribed as off-label medi- 
cation for the treatment of hypogonadal men. Helo et al. [59] 
randomized 26 men with testosterone less than 350 ng/dL and 
normal serum LH to 12 weeks treatment of clomiphene citrate 
25 mg/d or anastrozole 1 mg/d. Men on clomiphene citrate showed 
significant increase in mean serum total testosterone compared 
to anastrozole group (571 ng/dL vs. 408 ng/dL, p = 0.04). On 
the other hand, men on anastrozole showed significant improve- 
ment in T/E2 ratio (17 vs. 12, p = 0.005) after 12 weeks of treat- 
ment. No significant changes were noted on semen parameters 
and patient reported outcomes based on Androgen Deficiency in 
Aging Males (ADAM) total score, Erection Hardness Scale and 
International Index of Erectile Function (IIEF). 

Combination therapy with clomiphene citrate and antioxidants 
showed beneficial results in the treatment of idiopathic male infer- 
tility. In a prospective, randomized, placebo-controlled trial of 
60 infertile men with idiopathic oligoasthenozoospermia, combi- 
nation therapy with clomiphene citrate 25 mg/day and vitamin E 
400 mg/day (n = 30) for 6 months showed higher pregnancy rate 
compared to placebo group (36.7% vs. 13.3%). In addition, the 
treatment group demonstrated significantly improved sperm count 
and progressive motility. Earlier systematic review on the use of 
clomiphene citrate on male infertility showed positive effects on 
endocrine outcomes [60]. However, overall pregnancy rate was 
nonsignificant when comparing between anti-estrogen and control 
groups (15.4% vs. 12.5%). On the other hand, initial meta-analysis 
on clomiphene citrate revealed insufficient evidence for its effec- 
tiveness for the management of male-factor infertility [61]. In the 
latest meta-analysis on the use of anti-estrogen as empiric medical 
therapy for idiopathic male infertility by Chua et al. [62] compared 
to control group, there was a statistically significant increase in 
sperm concentration (WM, 5.24 million/mL; 95% CI 2.12, 8.37; 
p = 0.001), motility (WMD 4.55; 95% CI 0.73-8.37; p = 0.03), 
and pregnancy rate (odds ratio [OR] 2.42; 9596 CI 1.48, 3.94; 
p = 0.0004). In addition, significant increase in FSH (WMD 4.19 
95% CI 2.05, 6.34; p = 0.0001) and testosterone (WMD 54.59; 95% 
CI 15.92, 93.27; p = 0.006) were noted. No significant difference 
on adverse events were reported between the two groups. 
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Recently, one of the isomers of clomiphene citrate has been 
used in the treatment of male infertility. Enclomiphene has shown 
more selective inhibition to estrogen compared to the compound. 
Only limited studies are available to prove its efficacy, although 
initial studies have revealed promising results in improving the 
levels of gonadotropins and androgen while maintaining the pro- 
cess of spermatogenesis [63-65]. The use of clomiphene citrate 
for the treatment of idiopathic male infertility has been exten- 
sively studied since the 1970s. Since then, there is no good quality 
methodological evidence that recommend its use for this set of 
patients. Possible limitations of evidence in the literature include 
the small number of patients included in the study, varied doses 
and duration of medication, absence of placebo groups, and no 
homogenous primary outcomes. Despite these flaws, clomiphene 
citrate still shows beneficial results with regard to improve- 
ment of semen parameters, hypogonadism, and reproductive 
outcomes [66]. 

Although less studied compared to clomiphene citrate, tamox- 
ifen use revealed acceptable outcomes. Tamoxifen 10 mg twice 
a day for a 3-month period showed improvement in sperm con- 
centration and motility in 103 men with idiopathic oligoasthe- 
noteratozoospermia with normal T/E2. Addition of anastrozole 
1 mg/day for men with low T/E2 after treatment with tamoxifen 
showed improved treatment outcomes [67]. Tamoxifen is like- 
wise used to increase sperm-retrieval rate in men with NOA. 
Moein et al. [68] treated 32 azoospermic men with tamoxifen for 
3 months. There was return of sperm in ejaculate in 6 patients. 
Tamoxifen combined with antioxidants showed positive results. 
Combination with coenzyme Q10 showed statistically significant 
improvement in sperm concentration (p « 0.05), motility and 
morphology (p « 0.05) compared to tamoxifen monotherapy [69]. 
In another study, combination therapy with L—carnitine showed 
superior results compared to monotherapy in 60 men with idio- 
pathic Oligoasthenoteratospermia (OAT). After 3 months of 
treatment, combination therapy demonstrated improved semi- 
nal oxidative stress (decreased malondialdehyde level), semen 
parameters and sperm ultrastructural anomalies (p « 0.01) [70]. 


Aromatase Inhibitors 


Aromatase is a cytochrome p450 enzyme, which is respon- 
sible for the conversion of testosterone to estradiol and andro- 
stenedione to estrone (Figure 14.2). This can be found in male 
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organs including testis, prostate, adipose tissues, bone, and 
brain [71,72]. Aromatase inhibitor (AI) lowers the production 
of the estrogen peripherally by a reversible inhibition of the 
isoenzymes 2A6 and 2C19 of cytochrome p450. Since estra- 
diol sends negative feedback to the hypothalamus and pituitary 
gland, AI allows greater GnRH pulses resulting to increase 
FSH production and secretion. This action leads to increased 
spermatogenesis within the Sertoli cells. In contrast to clomi- 
phene citrate, AIs cause testosterone level elevation without 
affecting estrogen level. Therefore, it is highly recommended 
for infertile men with low T/E2 ratio [51]. Male obesity is 
known to cause several medical problems, including infertility. 
Obesity alters the HPG axis both centrally and peripherally, 
which can lead to hypogonadotropic, hyperestrogenic hypogo- 
nadism [73]. Leptin, which is an adipose tissue-derived factor, 
regulates testosterone production. Elevated serum leptin level 
disrupts HPG axis resulting in decreased production of testos- 
terone from Leydig cells. Increase peripheral aromatization of 
testosterone to estrogen can result in subsequent inhibition of 
HPG axis as well [74]. In addition, obesity is linked to over- 
production of reactive oxygen species (ROS), which increases 
sperm DNA fragmentation. Other associations of obesity to 
male infertility include associated erectile dysfunction, psy- 
chological and thermal effects, obstructive sleep apnea, and 
inflammatory and obstructive elements of epididymitis [74]. 
These can lead to deranged secretions of gonadotropins, 
altered semen parameters, and most importantly, reduced 
T/E2 ratio, which was frequently seen in obese men [72]. 
The most commonly used Als are the nonsteroidal drugs letro- 
zole and anastrozole. 

Letrozole can produce normalization of serum total testos- 
terone in morbidly obese men with hypogonadotropic hypogo- 
nadism. Loves et al. recommended a starting dose of letrozole 
<2.5 mg/tab once a week [75]. Saylam et al. [76] conducted 
a prospective study of 27 men infertile with T/E2 < 10 with 
daily intake of letrozole 2.5 mg for 6 months to determine its 
effect on body mass index (BMI), serum hormones, and semen 
parameters. No significant change was noted with BMI before 
and after treatment. Compared to pretreatment level, posttreat- 
ment level showed significant changes in mean serum testoster- 
one (255 + 23 ng/dL vs. 527 + 74, p = 0.001), serum E2 level 
(25.93 + 1.97 pg/mL vs. 14.68 + 2.01, p = 0.001) and T/E2 
(8 + 0.4 vs. 39 + 6.1, p = 0.001). After treatment with letro- 
zole, oligospermic men showed significant improvement in total 
motile sperm count (p = 0.016), motility (p = 0.017), sperm count 
(p = 0.03), and ejaculate volume (p = 0.031). On the other hand, 
azoospermic only showed significant difference in semen vol- 
ume (0.007). Cavallini et al. [77] conducted a randomized study 
on 46 men with NOA or cryptozoospermia treated with letrozole 
2.5 mg/day for 6 months (n = 22) or placebo (n = 24). Treatment 
group demonstrated significant increase in sperm concentration, 
motility, FSH, LH, and testosterone, while significant decrease in 
estradiol was observed. In a case report of a 31-year-old infertile 
man with NOA, treatment with letrozole for 4 months converted 
an initial testicular biopsy of hypospermatogenesis to a normal 
active spermatogenesis on repeat biopsy [78]. This shows an 
induction of spermatogenesis with letrozole. Minor side effects 
were reported in men taking letrozole. In one study, only 2 out of 
27 men complained of mild headaches. This did not cause them 
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to discontinue the treatment. In another study of 15 infertile men, 
the side effects observed were transient weakness (n = 2), nausea 
(n = 1), and mild headache (n = 2) [79]. 

Use of anastrozole is extensively studied for the empiric 
treatment of male infertility. The most commonly used dose is 
1 mg/day [80]. In a study of 86 subfertile hypoandrogenic men 
with low T/E2 ratio treated with daily intake of anastrozole 1 mg, 
Shoshany et al. [81] reported that 95.3% of men had decreased 
serum estradiol and increased serum testosterone at 3 weeks and 
4 months of treatment (p « 0.001). Likewise, both sperm concen- 
tration (p = 0.001) and total motile count (p = 0.008) were sig- 
nificantly increased. Twenty-one oligozoospermic men showed 
significant improvement in mean total motile count (4.6 + 1.3 vs. 
8 + 34, p « 0.01) with concomitant increase of T/E2 ratio after 
4 months of treatment with anastrozole. Basar et al. [82] treated 
32 men with normal gonadotropins and prolactin levels and 
T/E2 ratio « 0.14 with anastrozole 1 mg twice a day for 2 months. 
Comparing between pretreatment and posttreatment levels, there 
were significant increases in mean serum testosterone (from 
4.1 + 1.2 ng/mL to 6.9 + 1.3 ng/mL, p « 0.05) and mean serum 
T/E2 ratio (from 0.13 + 0.03 to 0.22 + 0.04, p < 0.05). On the 
other hand, there was significant reduction of mean serum estra- 
diol level (from 52.1 + 9.4 pg/mL to 31.7 + 9.8 pg/mL, p « 0.05). 
Anastrozole 1 mg/day and testolactone 100—200 mg/day showed 
similar effects on semen parameters and hormonal profiles in 
infertile men with low T/E2 ratio. In a study by Raman et al. in 
25 men taking anastrozole, significant improvement before and 
after treatment in semen volume (2.9 mL vs. 3.5 mL, p « 0.05), 
sperm concentration (5.5 million/mL vs. 15.6 million/mL, 
p « 0.001), and motility (p < 0.005) were noted [80]. Although 
the testolactone group showed better outcomes in men with 
Klinefelter syndrome (KS) compared to the anastrozole group. 

Men with KS who respond to medical treatment may have 
a good chance of sperm retrieval. In a study of 68 men with 
nonmosaic KS, treatment with aromatase inhibitors and other 
medical therapy before microdissection testicular sperm extrac- 
tion (TESE) resulted in a 6876 sperm-retrieval rate (SRR) [83]. 
The SRR (77% vs. 55%) was more pronounced if the patient 
responded to medical therapy with a resultant testosterone 
of more than 250 ng/dL compared to lower testosterone level. 
In another study, 10 patients with KS were treated with anastro- 
zole 1 mg/day for 1—5 years before microdissection TESE. Sperm 
retrieval was successfully done in 7 patients after the medical 
treatment [84]. Majzoub et al. performed a retrospective study of 
43 patients with KS who underwent sperm retrieval for ICSI [85]. 
In a subgroup analysis of patients who underwent microdissec- 
tion TESE, 6 out of 14 men who received hormonal stimulation 
prior to procedure had successful sperm retrieval compared to 
those who did not receive hormonal stimulation (p = 0.006). Use 
of anastrozole 1 mg daily for 6 months prior to surgery showed 
higher sperm-retrieval rate (27.8%) compared to those who had 
other medical treatment in the microdissection group. 

A comparative study was done between letrozole and anas- 
trozole. A prospective, nonrandomized study was conducted in 
29 infertile men with serum T/E2 ratio «10 to compare the effects 
of 6 months daily intake of letrozole 2.5 mg (n = 15) and anas- 
trozole 1 mg (n = 14). Both treatment groups showed statistically 
significant increases in mean serum testosterone (p « 0.001) and 
T/E2 ratio (p « 0.001) and significant reduction in mean serum 
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estradiol levels (p « 0.001). In addition to the hormonal tests 
improvement, men who took anastrozole showed statistically 
significant improvement in semen parameters including ejacu- 
late volume (p « 0.001), sperm count (p « 0.001), and motility 
(p « 0.001) [79]. 

Anastrazole is generally safe and well tolerated. Side effects are 
usually minor and experienced early into treatment. These subside 
after the discontinuation of the medication. In one study of 140 sub- 
fertile men taking anastrozole 1 mg/day, 7.4% of men reported 
transient increase in liver function tests, while less than 5% had 
changes in libido [80]. One of the significant side effects of anastro- 
zole treatment is the possible risk of decreased bone density. In one 
study, 2 out of 86 subfertile hypoandrogenic men taking anastro- 
zole 1 mg/day complained of arthralgia and possibly arthritis [81]. 

Als are used in men with excess aromatase activity as reflected 
by reduced serum testosterone and elevated estradiol levels 
(T/E2 « 10). Although use of anastrozole 1 mg/day and letro- 
zole 2.5 mg/day are considered off-label medical therapy for 
male infertility, these AIs are shown to improve semen param- 
eter in oligospermia and even in NOA. Likewise, its role in men 
with KS is well documented. Side effects are rarely encountered 
among studies. Despite the transient and clinically insignificant 
alterations in liver function tests, examinations for this is not rou- 
tinely carried out [80]. 


Gonadotropins 


The role of gonadotropins in idiopathic male infertility is less 
established compared to its contributions in men with hypogo- 
nadotropic hypogonadism. Treatment with gonadotropins is 
usually indicated in the management of infertile men with hypo- 
gonadism. This restores normal spermatogenesis with subsequent 
improvement of reproductive outcomes. Treatment includes hCG 
monotherapy or combination therapy (urinary hMGs/recombi- 
nant FSH) [29]. 

hCG is rarely used for the treatment of idiopathic male infer- 
tility. Most of the studies are in combination therapy. A double- 
blind, placebo-controlled study was conducted by Knuth et al. 
in 39 oligospermic men treated with hCG (2,500 IU twice a 
week) plus hMG (150 IU thrice a week) or placebo for a period 
of 13 weeks [86]. Although two pregnancies were reported for 
the treatment group, no changes in semen parameters were noted 
between the two treatment arms. In another study, an increase 
of mean total sperm count of 15.3 million/mL was observed in 
48 men with idiopathic normogonadotrophic oligozoospermia 
treated with combination therapy of hMG and hCG for 3 months. 
After 1 year of treatment, 10 pregnancies were reported [87]. In a 
prospective randomized-controlled study of 129 men with sperm 
count «10 million/mL and forward motility <25% randomized 
to rFSH 150 IU (n = 65) or nonantioxidant vitamin supplements 
(n = 64), although DNA fragmentation reduced significantly after 
treatment with rFSH, no significant changes were noted on sperm 
parameters and hormonal profiles between the two groups [88]. 
In a meta-analysis of six randomized-controlled trials with 
456 participants, use of gonadotropins showed increased live- 
birth rate (27% vs. 0%) and spontaneous pregnancy rate (16% vs. 
7%) compared to placebo group. Using ICSI (33% vs. 20%) or TUI 
(11.8% vs. 11.3%), no significant difference in pregnancy rate was 
noted between the two treatment groups [47]. 
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Reported adverse effects on the use of gonadotropins are 
sparse. Breast tenderness and mild gynecomastia were reported 
in a study by Attia et al. [47]. These resolved upon discontinu- 
ation of the medications. In another study, no side effect was 
seen in 30 normogonadotropic infertile men taking high doses 
of gonadotropin [89]. 

According to the treatment guidelines of the European 
Association of Urology (EAU) for idiopathic male infertility, 
there is still no clear recommendation for the use of gonadotro- 
pins and antiestrogens in this set of patients [90]. 


Other Hormonal Therapies 
Growth Hormone 


Growth hormone expression is not only contained to the pituitary 
gland but also other tissues, including the testis. It is believed that 
it acts on both the autocrine and paracrine control over sperm 
production. 

Very few studies on the use of growth hormone were con- 
ducted for male infertility. In an animal study, use of recom- 
binant bovine growth hormone 100 ng/mL and recombinant 
human insulin-like growth factor-1 resulted in longer maintained 
motility in spermatozoa for 24 hours [91]. In a prospective, open- 
label, nonrandomized observational study conducted by Kalra 
et al. [92] in 14 oligoasthenospermic men with normal hormonal 
profiles, 6-month treatment of growth hormone 1.5 IU/day sig- 
nificantly improved both sperm count (p = 0.05) and volume 
(p « 0.01). No significant difference was noted on sperm motil- 
ity (p > 0.05). Marked improvement on semen parameters were 
noted during the first 3 months of treatment resulting in preg- 
nancy in three subjects after 1 year of treatment. 


Treatment of Thyroid Dysfunction 


It is very rare that the thyroid is the main cause of male infertil- 
ity [93]. In a study of 292 men to determine the prevalence of 
thyroid dysfunction, 1 man with elevated thyroid-stimulating hor- 
mone (TSH) and another man with thyroid autoimmunity were 
identified in a group of men (n = 39) with normal semen param- 
eters and abnormal semen parameters, respectively. Twelve men 
were likewise identified with thyroid autoimmunity in another 
group of men (n = 253) with abnormal semen parameters. Based 
on these findings, the authors did not recommend routine thyroid 
screening for men seeking fertility consultations [94]. In another 
study, only 3.7% were identified with subclinical hyperthyroid- 
ism and 7.4% with subclinical hypothyroidism in cross-sectional 
analysis of 172 men seeking medical care for couple fertility. 
Association between thyroid functions and semen parameters 
were not established [95]. 

Limited studies are available on the beneficial effect of the 
treatment of thyroid diseases to improve semen parameters. 
Krassas et al. conducted a prospective controlled study on 23 thy- 
rotoxic men treated with methimazole alone or with combination 
with iodine and 15 healthy men [96]. Five months after euthy- 
roidism, mean motility was significantly lower in thyrotoxic men 
(28% vs. 57%, p « 0.01). Other semen parameters and seminal 
plasma elements (fructose, zinc, and magnesium) showed no sig- 
nificant difference between the two groups. 
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Haec 
Exogenous Testosterone Therapy: 
The Big Mistake! 


Exogenous testosterone causes negative feedback inhibition of 
the pituitary gland and subsequent shutdown of intratesticular 
synthesis of testosterone. Despite this effect of testosterone use 
for reproductive outcome, many physicians are still prescribing 
this drug thinking that it is the treatment for male infertility [97]. 

A survey was conducted by Omisanjo et al. [98] on 225 doc- 
tors composed of general practitioners (n = 186) and gynecolo- 
gists (n = 39) attending a regular continuing medical education 
course in Nigeria, and 34.2% of the respondents had prescribed 
exogenous testosterone for male-infertility factor treatment. The 
majority of them were general practitioners (n = 66). Among 
those who gave testosterone to these patients, 81.8% of the them 
believed that exogenous testosterone increases sperm count. 
In an analysis of a prospectively collected database of 4,400 men 
evaluated for fertility in Canada, 1.3% were taking testosterone 
at their initial visit [99]. Intramuscular injection of testosterone 
(50-300 m) every 2 weeks was used by 47.46% of men included 
in this study. The majority of prescribers of testosterone were 
endocrinologists (23.73%), followed by general practitioners 
(16.95%) and urologists (15.25%). Twelve percent of them gave 
testosterone as treatment for infertility. Thirty-nine men were 
azoospermic at the time of presentation at the clinic. Mean sperm 
concentration was increased from 1 million/mL to 32 million/mL 
after cessation of testosterone. However, 12 continued to be azo- 
ospermic for more than 6 months despite repeated semen testing. 
Kolettis et al. reviewed the medical records of two university- 
based fertility clinics in America presenting for infertility. Out of 
1,540 men, 110 used testosterone supplementation before their 
first consultation. The majority of them were prescribed with tes- 
tosterone injections. Sixty-eight percent of men were azoosper- 
mic. Significant improvement in median sperm concentration 
(from 0 to 6.3 million/mL, p « 0.0001) was noted after testos- 
terone cessation with a median follow-up of 4.5 months. Eight 
men remained azoospermic despite being given medical recovery 
treatment (clomiphene citrate, hCG, and combination of clomi- 
phene citrate and hCG). 

This does not happen only in nonurologist community mem- 
bers but also in urological society members. In a survey of 
387 AUA members, about two-thirds of the respondents pre- 
scribed empirical medical therapy in the most common forms of 
clomiphene citrate, hCG, and anastrozole. Surprisingly, 2596 of 
the respondents prescribed testosterone supplementation for men 
pursuing pregnancy [55]. 

Return of spermatogenesis even after testosterone use can be 
Observed after treatment of combination therapy with gonadotro- 
pins. In a study of 49 men with azoospermia or severe oligospermia 
(«1 million/mL) while on exogenous testosterone supplementa- 
tion, 95.976 of men demonstrated improved sperm count (mean 
density 22.6 million/mL) with a 4.6-month average time to return 
of spermatogenesis with the use of hCG 3,000 IU subcutaneously 
every other day (in combination with SERM, AI, or rFSH). One 
pregnancy was documented after gonadotropin treatment [100]. 

Physicians should be cautious in prescribing exogenous testos- 
terone especially to those men who desire future fertility because 
this may result to deranged semen parameters and subsequent 
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infertility secondary to failure of spermatogenesis. Gonadotropin 
monotherapy or combination with other medications can help 
restore the process of sperm production to these patients. 


Conclusion 


It is important to fully understand the HPG axis to address the 
hormonal treatment of male infertility. Men with hypogonado- 
tropic hypogonadism desiring fertility should be considered for 
treatment with gonadotropin. Treatment with dopamine agonist 
is recommended to decrease persistently high prolactin levels 
and tumor size. SERM is the most commonly used drug for 
the empirical medical treatment of idiopathic male infertility. 
Despite the available evidence with regard to its use, it is still 
considered as an off-label medication due to lack of good quality 
methodological studies to prove its efficacy. Healthcare provid- 
ers should be knowledgeable enough to avoid prescribing exog- 
enous testosterone to men with reproductive challenges. 


Review Criteria 


A thorough search of medical literature was done on medi- 
cal treatment of male infertility using the following search 
engines: PubMed, Google Scholar, MEDLINE, and Science 
Direct. The keywords “medical treatment,” “hormonal treatment,” 
"idiopathic," “infertile men,” “male infertility" and "empirical 
treatment" were used for study identification and data extraction. 


Only articles published in English were included. 
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Lifestyle Management Approaches to Male Infertility 


Kristian Leisegang and Sulagna Dutta 


KEY POINTS 


e Lifestyle factors contribute to the global declining trends of male fertility. 

* Improper lifestyle disrupts the overall health of an individual. 

* Diet, substance abuse, various endocrine disruptors, and stress influence male fertility. 
* Unhealthy lifestyle may directly affect male reproductive tissue. 

* Lifestyle factors may indirectly affect male reproduction via endocrine dysregulation. 
* Modifiable and preventable lifestyle adoptions ameliorate male fecundity. 


Introduction 


Male fertility potential can be affected by numerous factors, 
some well-established and many poorly understood and even 
elusive. The worldwide declining semen quality over the past 
decades correlates with an increase of unfavorable lifestyle 
adoptions that have a detrimental impact on male reproduc- 
tion [1]. These include environmental, occupational, dietary, 
recreational, and habitual components, in which duration and 
intensity of exposure are important [2]. Either individually or in 
combinations, these lifestyle factors seem to have a substantial 
impact upon the declining male reproductive potency. 

With overall health of men deteriorating in recent decades, 
men tend to have higher morbidity and mortality rates than 
females [3]. Furthermore, male-factor infertility accounts for 
20%-30% of all infertility cases [4], in which a large proportion 
of underlying causes remain unexplained [5]. However, evidence 
suggests that male fertility status can be improved with favorable 
lifestyle changes and adoptions [6]. 

Poor nutritional habits and sedentary lifestyles are driving 
an obesity pandemic, directly and indirectly interfering with 
male-reproductive functions, mediated by endocrine, immune, 
and metabolic dysregulation [7]. The modern technology-driven 
culture has significantly increased exposure to nonionizing 
radiation associated with cell phones, laptops, and Wi-Fi, with 
a negative influence on the testicular microenvironment and 
endocrine regulation that negatively affects spermatogenesis [8]. 
This is compounded by increased use of ionizing radiation in 
medical investigations and treatments [9]. Being external and 
superficial, testes are more vulnerable to radiation damage than 
other tissues and are also extremely sensitive to ionizing radia- 
tion [10]. Increased scrotal temperature and genital heat stress 
further affect spermatogenesis. This occurs due to obesity, exten- 
sive laptop use, and exposure to radiation, as well as occupational 


heat stress (e.g., metallurgists, drivers, bakers) [11]. The obliga- 
tion to sustain a fast-paced modern lifestyle leads to physical and 
psychological stress that affect normal reproductive health [12]. 
Furthermore, the increasing concern of substance abuse and use 
of illicit drugs further impacts male reproduction [13]. Smoking, 
chewing tobacco, excessive alcohol consumption, cannabis, and 
other recreational drugs are rapidly deteriorating the quality of 
health and male fertility potential [14]. 

This chapter will discuss the impact of lifestyle factors on 
male infertility. The present chapter also puts forth interventions 
to improve modifiable lifestyle factors that are parts of a multi- 
factorial and holistic management strategy for natural and artifi- 
cial reproduction techniques. 


E 
Weight Management: Nutritional 
Therapy and Physical Activity 


A significant decline in male-fertility parameters has been evi- 
dent in recent decades, particularly in Westernized and indus- 
trialized countries [15-17]. This is closely associated with an 
increasing obesity pandemic driven by poor nutritional hab- 
lts and sedentary lifestyles [18]. Coincidently, the worldwide 
incidence of obesity and male infertility has been increasing 
proportionately [19]. 


Obesity: Increased Visceral Adiposity 


Obesity is clinically defined as a body mass index (BMI) 
230 kg/m?. An increasing BMI, particularly predominantly 
increased visceral (abdominal) adiposity, correlates with sig- 
nificant morbidity and mortality (Table 15.1) [20]. This includes 
an increased risk of numerous noncommunicable chronic dis- 
ease, such as cardiovascular disease (CVD), type 2 diabetes 
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TABLE 15.1 

Body Mass Index (BMI) Categories and Risk of Comorbidities 

BMI Category Complication Risk Complication 

<18.5 Underweight Increased Immunodeficiency; 
infectious disease; 
malignancies 

18.5-24.9 Optimal weight Low Uncommon 

25.0-29.9 Overweight Mild CVD; T2DM; 

30.0-34.9 Obesity (Class I) Moderate malignancies 

35.0-39.9 Obesity (Class H) Severe 

240 Obesity (Class III) Very Severe 


Source: Henkel, R. et al. Oxidants, Antioxidants, and Impact of the Oxidative 
Status in Male Reproduction, Academic Press, London, UK, 2018; 
Alberti, K et al., Circulation, 120, 1640—1645, 2009. 
Abbreviations:  NCCDs, noncommunicable chronic diseases; CVD, cardio- 
vascular disease; T2DM, type 2 diabetes mellitus. 


mellitus (T2DM), various malignancies, accelerated aging, and 
neurodegenerative diseases including Alzheimer's. Obesity is 
further correlated with comorbidities such as dyslipidemia, hyper- 
tension, and hyperglycemia. These are mediated by phenomenon 
including a systemic, low-grade, subclinical and T41 dominant 
chronic inflammation, oxidative stress (OS), hyperinsulinemia, 
hyperleptinemia, and in males, hypogonadism. Furthermore, 
obesity is a state of lipotoxicity characterized by chronic cel- 
lular injury and tissue dysfunction [23]. This is summarized in 
Figure 15.1 [21,22]. The interaction of these multifactorial mech- 
anistic phenomena drives the complex underlying dysfunction 
associated with the metabolic syndrome [21 ]. 

Although there is some conflicting data on obesity-induced 
subfertility, a disproportionately large percentage of infer- 
tile men undergoing assessment and treatment are reportedly 
obese [7]. A well-defined J-shaped association between BMI 
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and male reproductive potential has been reported, with declin- 
ing semen quality in overweight and obese individuals [25]. 
Rates of azoospermia and oligozoospermia have also been found 
to be increased in obese males compared to normal-weight 
cohorts [26]. It has been estimated that there is a 12% decrease in 
chance of a successful pregnancy by the male partner for every 
3 kg/m? increase in BMI [27]. 

Obesity is generally correlated with a decreased sperm con- 
centration and total sperm count, motility, vitality, normal mor- 
phology, and, importantly, DNA integrity [7,26]. Although some 
inconsistent studies are reported, reduced mitochondrial mem- 
brane potential (MMP) and DNA integrity appear to be a con- 
sistent variable in obese males [26]. These changes have been 
summarized in Figure 15.1. 

Obesity unfavorably modulates the endocrine system 
(Figure 15.1). This includes reduced testosterone (total and free), 
progesterone, and sex hormone binding globulin (SHBG), with 
increased estrogen, insulin, leptin, and prolactin [28]. In addi- 
tion, physical mechanisms in obesity-induced male reproductive 
dysfunction include erectile dysfunction and increased scrotal 
temperature [7]. 

Male obesity is further considered a risk for reduced live 
birth rates using assisted reproduction techniques (ARTs) [29]. 
Importantly, obese fathers may further have a detrimental impact 
on the offspring, including metabolic and reproductive health, 
passed on through DNA damage and epigenetic modifications 
mediated via the spermatozoa genome [19]. 

Although micronutrient deficiencies (MNDs) are generally 
associated with undernutrition, paradoxically, increased visceral 
adiposity is associated with deficiencies of important micronu- 
trients. This is due to the increased metabolic requirements in 
obesity combined with a nutrient poor, energy-dense dietary 
excess. Common micronutrient deficiencies in obesity are vita- 
min D (90%), selenium (58%), vitamin C (45%), zinc (30%), 
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CRP, C-reactive protein; E, estradiol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MMP, mitochondrial membrane potential; OS, oxida- 
tive stress; T, testosterone; TNFa, tumor necrosis factor alpha. (Adapted from Chambers, T.J. and Anderson, R.A., Hormones, 14, 563—568, 2015.) 
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and vitamin B1 (29%). Others include B-carotenes, folate, and 
vitamin E [30]. These MNDs are further closely associated with 
reduced male fertility potential regardless of weight and appears 
to be significantly mediated through increased OS locally and 
systemically [31]. Therefore, underweight and overweight mal- 
nourishment associated with increased or decreased BMI is a 
critical clinical consideration in male fertility assessment. 

Experimental and observational data suggest that weight 
loss can improve poor semen quality in overweight and obese 
males [24]. Diet and exercise-induced weight loss help to improve 
sperm parameters and male fertility outcomes [32]. A 14-week 
weight-loss program in obese men showed a significant improve- 
ment in various sperm parameters, including progressive motil- 
ity, static motility, morphology, and DNA fragmentation, but 
not sperm concentration [33]. In the absence of BMI change, 
a loss of abdominal adiposity was associated with improved 
DNA fragmentation in a small obese male cohort, mediated by 
improvement in OS parameters [34]. Based on the limited avail- 
able human evidence, weight loss appears to improve semen 
quality in obese males. Furthermore, in mice models, paternal 
weight loss following a high-fat diet is associated with improved 
metabolic health in the father and appears to be associated with 
improved embryo development, fetal growth, fertility, and meta- 
bolic parameters in the offspring [35]. 

Bariatric surgery for significant weight reduction may poten- 
tially be of benefit in many obese and infertile men [36]. Although 
bariatric surgery may improve hormone parameters, there is lit- 
tle evidence to suggest improvement in sperm parameters [36]. 
Furthermore, the medium and long-term benefits require further 
scrutiny, as well as the impact on male fertility due to associated 
nutrient deficiencies [37]. Currently, the evidence is also suggest- 
ing that bariatric surgery may even worsen sperm parameters in 
obese males [25]. 

Exogenous testosterone as a hormone replacement option in 
obese males improves numerous biochemical risk parameters, 
however, this would likely reduce fertility potential in males. 
Aromatase inhibitors can be a better hormonal management 
option that may improve spermatogenesis and sperm quality, 
mediated through the suppression of testosterone to estrogen [38]. 
Metformin may also offer benefit in obese males, particularly if 
they have T2DM; however, the effects on male reproduction are 
inconsistent and contradictory [39]. 


Poor Nutritional Intake and Nutritional Therapy 


Adequate and appropriate nutritional intake is critical for sper- 
matogenesis and steroidogenesis [40—43]. Importantly, modern 
Westernized diets have been associated with reduced semen qual- 
ity. This diet is typified by being energy dense and nutrient poor, 
high in sugar and other refined carbohydrates, processed foods, 
unfavorable fats, and red meat [40]. A comprehensive review 
of the literature identified that Westernized dietary options are 
associated with reduced male sperm quality and fertility out- 
comes [40]. Specifically, increased intake of sugar sweetened 
foods and beverages, total fat, saturated and trans-fatty acids, 
red meat, processed meats, soy-based foods, and alcohol are det- 
rimental to male fertility. The nutritional status is further wors- 
ened by reduced consumption of fruits and vegetables, dietary 
fiber, polyunsaturated fatty acids (PUFAs, specifically omega 
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3 from fish) and various antioxidants and related cofactors (e.g., 
vitamins A, C, D, and E, folate, selenium, zinc, and lycopene) 
that increase infertility risk [40]. The foods detrimental to male 
fertility, alongside beneficial foods, are provided in Figure 15.2. 

Although there are clear associations between poor nutri- 
tional intake, increased adiposity, and associated environmen- 
tal exposures in male infertility, there are currently no clear 
nutritional guidelines to improve male sperm quality [40,41]. 
Evidence suggests that a multiple nutritional approach is more 
beneficial for reducing weight and the risks of comorbidi- 
ties than a single dietary supplementation [41,43,44]. Nutrition 
associated with improved weight includes a higher intake of 
foods rich in monosaturated fatty acids and PUFAs, specifically 
omega-3 PUFAs, antioxidants, micronutrients, and other phyto- 
chemicals (Figure 15.2) [41,43]. This is achieved through diet 
rich in fruits and vegetables, seafood, oils, nuts, and seeds [41]. 
Dietary patterns of antioxidant-rich foods are also associated 
with better fertility outcomes, specifically rich in B-carotenes, 
folate, vitamins C, D, and E, selenium, zinc, and lycopene [43]. 
Adherence to these healthy diets modifies at least one sperm 
parameter favorably [41]. 

Greater adherence to the Mediterranean diet improves male 
fertility parameters [44]. Men who most closely adhered to 
the Mediterranean diet had significantly better semen analy- 
sis parameters for sperm concentration, total sperm count, 
total motility, progressive motility, and sperm morphology. 
Men in the lowest tertile of the MedDietScore (least adher- 
ent) showed a 2.6-fold increased risk of having abnormal 
semen parameters compared to those most adherent [44]. In a 


Fruits & 
Red& vegetables 
processed 


meats 


Dietary 
fiber 


/  Saturated & 
trans-fatty 
acids 


Seafood 


High-energy 


Male fertility 
sugars & 
fructose 


PUFAs 
(Omega 3) 


Soy , a Antioxidants & 
isoflavones  P/ i i 
Caffeine & micronutrients 


alcohol 


FIGURE 15.2 Foods or food groups that are positively (green) and nega- 
tively (red) associated with male sperm parameters and reproductive poten- 
tial. Consuming more of the foods in the green group and reducing the 
consumption of foods in the red group have been associated with improv- 
ing reproductive parameters. (From Salas-Huetos, A. et al., Hum. Reprod. 
Update, 23, 371-389, 2017; Skakkebaek, N.E. et al., Hum. Reprod., 16, 
972-978, 2001.) 
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similar dietary approach to the Mediterranean diet, the “pru- 
dent” diet adherence was also positively associated with sperm 
quality in young men [45]. However, young men consuming 
a Westernized diet showed no significant negative effect on 
sperm parameters [45]. The Mediterranean and prudent diets 
are dominated by high intakes of fruits and vegetables, fish, 
and whole grains, further correlating with higher semen qual- 
ity across a BMI range [41]. A meta-analysis of 8,477 healthy 
men and 1,204 infertile men found an overall association 
between dietary fruits, vegetables, vitamins, and fish with sig- 
nificantly better male semen parameters [46]. Importantly for 
male fertility and embryo, fetal, and offspring quality, adher- 
ence to these dietary patterns have also been associated with a 
reduction in sperm DNA fragmentation scores [47]. However, 
causality has not been demonstrated for these findings, and 
further clinical research on nutritional therapy intervention in 
male infertility is needed. 

Currently, there is an evidence base to provide appropri- 
ate nutritional advice and specific exclusions to infertile male 
patients. Natural, unprocessed, and organic food options should 
be preferred to reduce consumption of endocrine disruptors 
through food as they are being extensively used in agricul- 
ture [42]. However, significantly more observational and experi- 
mental evidence is required for robust evidence-based nutritional 
therapy protocol for clinical practice [41]. 


Caloric Restriction 


Caloric restriction (CR) is a significant reduction in total energy or 
calorie intake without resulting in malnutrition and MNDs [48]. 
CR positively correlates with an expansion of life span in adults, 
although the mechanisms remain poorly understood [48]. CR 
reduces the risk of age-related degenerations, including obesity, 
metabolic syndrome, and related comorbidities, malignancy, and 
neurodegeneration and is currently the best known mechanism to 
extend the life span [48,49]. 

Although there are competing theories, CR is at least partly 
mediated through the upregulation of endogenous antioxidant 
enzyme expression (e.g., superoxide dismutase [SOD1 and 
SOD2], where aging is generally correlated with increasing 
OS [50]. Long-lived species correlate with low mitochondrial 
reactive oxygen species (ROS) production and oxidation- 
induced unsaturation of fatty acids in cellular membranes [50]. 
CR lowers OS resulting in reduced age-related degenera- 
tion, which is arguably an important mediator of male infer- 
tility [49,51]. The result of reducing OS through CR includes 
gene expression modification, improved apoptosis, improved 
DNA repair, a reduction in overall and metabolic rate, and basal 
body temperature. The proposed benefits are further mediated 
through increased lipolysis and delayed age-related metabolic 
and immune changes [48,49]. 

There is a paucity of studies investigating the impact of CR 
on reproduction across species and genders. Some studies sug- 
gest a potential link between increased life span and decreased 
reproductive potential in poor food environments [48,49]. 
However, this appears to be more complex. Another emerging 
hypothesis that the increased life span can be achieved without 
detrimental cost to reproductive function [48,49]. In studies on 
young adult Rhesus macaques undergoing CR for 5-7 years, 
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there was a minimal negative impact on testicular gene expres- 
sion, with no clear negative impact on sperm quality and tes- 
tosterone levels [52]. This has been further extended to show 
no age-associated decline in androgens and steroidogenesis 
enzyme transcription and related gene expression. In aged mon- 
keys, CR negatively affected only the reproductive histology, 
showing a small decline in seminiferous tubule diameter and 
epithelial cell height associated with a corresponding depletion 
of germ cell lines [52]. 

Studies in humans are required to investigate the cost of CR 
on the reproductive system as an evolutionary trade-off between 
longevity and reproduction. Although weight loss and appropri- 
ate nutritional modification are warranted, caution for CR in 
male-infertility management is advised with the current evi- 
dence base. 


Appropriate Exercise and Sporting Activity 


Physical activities may have a beneficial or detrimental impact 
on male infertility, depending upon the type, frequency, inten- 
sity, duration, and individual physical conditions. Conclusive evi- 
dence based between these independent factors and male fertility 
remains elusive [53]. However, intensive and exhaustive exercise 
or training is reported to be associated with male infertility [54]. 
Excessive exercise can negatively modulate body energy balance 
and adversely affect hypothalamic regulations of reproductive 
functions. Specifically, bicycling for more than five hours a week 
can significantly decline sperm concentration, total sperm count, 
and motility [53,55]. 

On the other hand, low to moderate levels of physical activities 
aid reproductive potential. Studies indeed show that moderate 
physical activity leads to better sperm concentration, total sperm 
count, motility, and morphology as compared to men participat- 
ing in the arduous competitive sport or elite athletes. Physically 
active men practicing one hour of exercise three times per week 
showed improved sperm parameters as compared to men per- 
forming frequent and vigorous exercise [54]. In an in vivo 
study with obese male rats, it was demonstrated that diet com- 
bined with moderate exercise enhanced both sperm motility as 
well as morphology and reduced both seminal ROS and sperm 
DNA damage [55]. 

The available literature suggests that although excessive physi- 
cal activities may disrupt male-reproductive functions, low to 
moderate exercises, sporting activities, or other healthy physical 
activities potentiate male fecundity. However, awareness regard- 
ing the effects of an appropriate and moderate exercise regimen is 
warranted in the assessment and management of male infertility 
patients. 


Complementary and Alternative Medicine (CAM) 
Nutritional Supplementation and Antioxidants 


Nutritional status and dietary habits are important clini- 
cal considerations in male infertility, and this is extended 
to include micronutrients [22]. Critical micronutrients for 
male fertility include selenium, zinc, manganese, copper, 
and iron. Specifically related to redox biology and OS, these 
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micronutrients mediate endogenous antioxidant activity for 
glutathione peroxidase (GPx), SOD family, and catalase 
(CAT). Other micronutrients with antioxidant properties that 
are important for male reproduction include fB-carotenes, 
vitamins C and E, L-carnitine, and acetyl-carnitine. Deficiency 
(or excess) of these micronutrients contributes to OS in male 
infertility [22]. Nutritionally induced OS in the context of male 
infertility and the relationship to obesity suggests that nutri- 
tional therapy and selected short-term supplementation is a 
target for management approaches. Systems of CAM include 
the use of nutritional therapy, supplementation, and phytothera- 
peutic medicines. The majority of these CAM approaches have 
some or significant antioxidant activity mediating therapeutic 
mechanisms [56]. 

Nutritional advice should be considered where there is a 
clinical indication or evidence of OS, induced by deleterious 
lifestyle factors and exposure to adverse environmental fac- 
tors, and in cases of MND risks. The central aim of patient 
management within this context is to reduce OS by increas- 
ing antioxidants, yet to maintain appropriate physiological 
ROS concentration for biological functions [57]. This is to 
prevent excessive ROS above physiological levels by provid- 
ing appropriate antioxidant molecules or cofactors (e.g., Zn 
and Cu) [58]. 

There has been a significant increase in the use of supple- 
mentation, specifically “over-the-counter,” in recent decades. 
These supplements are dominated by antioxidant-rich products, 
including multivitamins and minerals [59]. However, the clini- 
cal indication, efficacy, dosage, and length of treatment require 
significantly more investigation in male infertility. Although the 
evidence suggests a benefit in male infertility associated with 
OS, there is currently little clinical consensus for the type and 
dosage of antioxidant supplementation for infertile males [60,61]. 
Exogenous antioxidants can be provided through appropriate 
nutritional advice regarding antioxidant-rich fruits and veg- 
etables, phytonutrients, and specific nutritional supplementa- 
tion [59—61]. It is important to consider that these antioxidants 
need to reach high concentrations in the reproductive tract to 
improve spermatogenesis [62]. 

Increased consumption of nutritional and supplementation 
based antioxidants and micronutrients have been shown to reduce 
sperm DNA damage [63]. This, in turn, improves fertilization 
outcomes (including ART) and reduces the risk of complica- 
tions in pregnancy, spontaneous or recurrent abortions, as well 
as genetic defects in the offspring. Additionally, antioxidant con- 
sumption improves the outcomes of assisted reproduction by up 
to fourfold [63]. Furthermore, supplementation of antioxidants 
improves male-reproductive outcomes in obesity and metabolic 
syndrome. This appears to be multifactorial, improving numer- 
ous sperm parameters (including DNA damage), systemic endo- 
crine changes (e.g., hypogonadism and hyperinsulinemia), and 
immune markers, with no specific BMI, waist circumference, or 
adiposity changes [64]. 

Common antioxidants that are used alone or in combination 
for reproductive related OS include the following: vitamin A 
(B-carotenes) B-vitamins, vitamins C and E, coenzyme Q10, 
L-carnitine, c-lipoic acid, glutathione, N-acetyl-cysteine, sele- 
nium, zinc, and copper [61]. Importantly, the medium- and long- 
term effects of antioxidant supplementation are not well known, 
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as well as the optimal dosage and forms of supplementation [65]. 
However, randomized-controlled clinical trials are required to 
further evaluate any safety and efficacy of antioxidant supple- 
mentation, particularly dosage and length of treatment, for 
application in male infertility [63]. Currently, evidence strongly 
suggests the clinical benefit of nutritional supplementation for 
short-term use. 

It must be considered that any antioxidant therapy is based on 
a comprehensive clinical assessment, including seminal OS and 
DNA damage. In addition, environmental, social, and occupa- 
tional risk factors of optimal spermatogenesis and seminal fluid 
production associated with MNDs should be investigated in the 
patient interview. This includes the identification and manage- 
ment of nutritional imbalances [65]. 


Phytotherapy 


Phytotherapy, the use of herbal extractions (phytomedicines) for 
therapeutic application, makes use of nutritional and medicinal 
compounds that modulate biological and physiological activi- 
ties [66]. A large percentage of the world population is reliant on 
traditional and herbal medicines, alongside the encouragement 
of the World Health Organization (WHO) to investigate and use 
herbal medicines [67]. There is currently a resurgence in the 
interest, research, and clinical application of medicinal herbs for 
patient management and drug discovery [66]. 

Numerous plants have been used and studied related to male 
reproductive dysfunctions, including poor libido, erectile and 
ejaculatory dysfunctions, hormonal alternations, and sperm 
parameters. These include Panax ginseng, Panax quinquefo- 
lius, Lepidium meyenii, Astragalus membranaceus, Asparagus 
racemous, Withania somnifera, Andrographis paniculata, 
Eurycoma longifolia, and Acanthopanax senticosus [66,68]. 
However, with cell culture and animal studies being more com- 
mon, there is a paucity of quality studies in humans on the 
efficacy of herbal medicines in specific outcomes. The avail- 
able studies based on human trials have been summarized in 
Table 15.2 [66]. 

Phytonutrients provide various molecules that offer thera- 
peutic options mediated through antioxidant activities and 
require further investigation for OS-associated male infertil- 
ity [51]. Medicinal plants that show potential benefit in male 
reproduction may mediate this via improved OS parameters, 
particularly in obesity and metabolic syndrome, T2DM, vari- 
cocele, and other OS-mediated pathologies. This includes 
green tea (epigallocatechin gallate) [78], turmeric (curcumi- 
noids) [79], and grape seed (resveratrol) [80]. These are rich in 
antioxidant capacity, mediated through numerous flavonoids, 
polyphenols, and catechin compounds. They also provide 
potential immune and OS-regulating therapeutic benefit for 
male infertility [51]. 

Appropriate scientific investigation into herbal medicines 
advocated in male reproduction and infertility is difficult. These 
studies typically vary in extraction methods, dosages, length of 
studies, cell culture, and animal models used and human trial 
designs [65]. A significant increase in research interest in these 
herbs and potential drug discovery is further warranted to inves- 
tigate traditional indications, mechanisms of action, and applica- 
tion of novel therapeutic and synergistic compounds. 
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TABLE 15.2 
Randomized Clinical Trials on Human Subjects Using Herbal Medicines Indicated for Male Fertility 
Latin Name Dosage Effect in Humans 
Lepidium meyenii 1.5-3 g/day Increases sperm count and motility in healthy men; No 
(4 months) effect on T, E, PRL, LH, FSH. [69] 
1.5-3 g/day Stimulates sexual desire. No effect on T or E. [69] 
(3 months) 
Eurycoma longifolia 300 mg/day Increased semen volume, sperm motility, erectile 
function, and libido. [70] 
200 mg/day Improved Aging Male Symptoms score and testosterone 
(1 month) in aging males with hypogonadism. [71] 
Panax ginseng 1 g/day Improved erection in ED cohort. [72] 
(3 months) 
1.8 g/day Improved erection in ED cohort. [73] 
(2 months) 
1.8 g/day Improved erection in ED cohort. [74] 
(3 months) 
1.58 g/day Decreases inactive spermatozoids in healthy males. [75] 
(9 days) 
Tribulus terrestris; Asparagus Not Available Increases semen volume, count and motility in 
recemosus; Withania somnifera (3 months) idiopathic infertile men. [76] 
Mucuna pruriens 1.5-3 g/day Improves sperm count and motility, restores antioxidant 
(3 months) parameters in infertile males; restored SOD, catalase, 
GSH and ascorbic acid in seminal plasma. [77] 
Andrographis paniculata; 1.58 g/day Increases in spermatozoids, the percentage of active 
Acanthopanax senticosus (9 days) spermatozoids, fertility indexes, decreases inactive 
spermatozoids in healthy males. [75] 
Source: Nantia, E. et al., Basic Clin. Androl., 19, 148, 2009. 
Abbreviations: E, estradiol; ED, erectile dysfunction; FSH, follicle-stimulating hormone; LH, luteinizing 
hormone; PRL, prolactin; T, testosterone. 
a= 


Limitation of Recreational Substance Abuse 


The detriments of tobacco smoking on general health are uni- 
versally recognized, with evidence suggesting a negative impact 
on male fertility [81]. WHO suggests that more than one-third of 
global male adults currently smoke [82], with the Tobacco-Free 
Initiative (TFI) aimed specifically to control the use of tobacco in 
the interest of general public health [83]. More than 4,700 chemi- 
cals, including heavy metals, polycyclic aromatic hydrocarbons, 
and mutagenic chemicals are recognized in tobacco smoke [84]. 
These are detrimental in various sperm parameters, including 
concentration, motility, viability, and normal morphology [85,86]. 
Smoking is suggested to induce sperm ultrastructural abnormali- 
ties, mostly via disorientation in the axonemal microtubules and 
tail region [87,88]. Smoking may also impair capacitation and 
acrosome reactions critical for oocyte fusion [89,90]. 
Smoking-induced impairments of male fertility appear to 
be mediated through increased OS, resulting in genetic and 
epigenetic modulations, including impaired sperm chroma- 
tin condensation, DNA fragmentation, and mitochondrial 
dysfunction. The deterioration of all the conventional male- 
fertility parameters has been found to be proportional to the 
number and duration of cigarettes smoked per day [14,91-93]. 
Smoking-induced hypoxia might also impair spermato- 
genesis, with these effects being more severe in varicocele 
patients [94]. Smoking also seems detrimental to sperm cre- 
atine kinase activity, hampering sperm energy homeostasis 


and motility [95]. Chronic smoking is further associated with 
a high metabolism of testosterone in the liver while impos- 
ing dysfunction on Sertoli and Leydig cells [96]. Furthermore, 
convincing evidence suggests that smoking cessation improves 
fertility indices for long-term smokers [97,98]. 

Alcohol consumption also has several adverse effects on 
male reproductive health, such as deterioration of sperm param- 
eters, decreased libido, and even induction of testicular atrophy. 
Alcohol is also associated with progressive damage to sperm 
morphology and motility. Alcoholic men with normozoospermia 
is arare finding (only 12% of men in a study), while most alcohol- 
ics may be teratozoospermic or oligozoospermic [99]. 

Cessation of smoking and significant reduction of alcohol con- 
sumption should be emphasized and facilitated through educa- 
tion, support, and monitoring. This should include a preventive 
approach to discourage exposure to tobacco smoke and alco- 
hol consumption for general health and improved reproductive 
potential. 


[===] 
Awareness and Limitation of Occupational 
and Environmental Hazards 


Excessive Heat Exposure 


Adequate thermoregulation within the male reproductive tract is 
critical for male fertility. Spermatogenesis is a temperature sensi- 
tive process, requiring an optimal temperature of approximately 
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2°C lower than body temperature [100]. An elevation in scrotal 
temperature impairs spermatogenesis through genital heat stress 
(GHS) [100]. GHS induced through lifestyle and occupational 
exposures contribute to the associated impairment of male fer- 
tility, although currently this is based on generally low-level 
evidence [100]. 

Postulated sources of GHS are varied, many without signifi- 
cant evidence or investigation. Currently, evidence suggests that 
increased duration of sitting during work, long-distance profes- 
sional drivers, increased mean ambient daytime temperatures, 
warm bath exposures, tight underwear, and cycling induce fer- 
tility concerns via GHS. Further considerations include genital 
insulation during sleep, occupational exposure to excessive heat 
(e.g., bakers and welders), sitting with laptops or cell phones on 
the lap, sitting on heated floors or car seats, and frequency of 
sauna sessions as possible mediators of male infertility. However, 
there are significant confounders to consider within this context. 
Underlying clinical disorders increasing scrotal temperature and 
inducing GHS include varicocele, cryptorchidism, and acute or 
chronic febrile illnesses [101]. 

GHS-induced decrease in spermatogenesis is mediated via 
the induction of OS within the genital tract and ejaculate, with 
impaired chromatin condensation, increased mitochondrial dys- 
function, DNA fragmentation, and apoptosis in the context of 
reduced antioxidants [100,101]. Spermatozoa appear to be most at 
risk in the premeiotic stage in which there is significant instability 
in the chromatin through histone modifications and hyperacety- 
lation. This unstable chromatin is most sensitive to increased gen- 
ital heat, which further suggests a negative impact on chromatin 
condensation and hence poor fertilization with an oocyte [102]. 

Although these lifestyle and occupational hazards have been 
associated with male infertility, the evidence is generally rela- 
tively weak and controlled observation and experimental studies 
are required to further understand any relationship and under- 
lying mechanisms. However, the current evidence does suggest 
that relevant occupational history considerations in the manage- 
ment plan for male infertility patients are required to analyze 
and mitigate the effects of the risk factors that increase scrotal 
temperature. 


Endocrine Disruptors 


Endocrine disruptors are chemicals that interfere with normal 
hormonal developmental and physiological function at certain 
dosages in utero, in children, or in adults. Specifically, in male 
reproduction, endocrine disruptors are focused on chemicals 
that include estrogens, estrogen receptor ligands, and antiandro- 
gens [83,93,94]. Important environmental risks associated with 
male infertility include those rich in natural and synthetic endo- 
crine disruptors [94]. Compounds with these biological proper- 
ties include pesticides (e.g., organophosphates, organochlorine, 
and bipyridyl herbicide) and synthetic pollutants prominently 
including bisphenol A (BPA), dioxins, phthalates, and toxic met- 
als [93]. Exposure is typically through maternal transfer in fetal 
development and through nutritional sources predominantly in 
children and adults [93,94]. Dietary and nutritional food supply 
is a vehicle in the modern diet for the exposure to excessive envi- 
ronmental exogenous endocrine disruptors. These are particu- 
larly derived through dairy, meat, and soy [42]. 
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Environmental endocrine disruptors, particularly pesticides, 
negatively affect semen quality through disrupted steroidogen- 
esis, leading to reduced fertility potential [103]. Consumption of 
fruits and vegetables with a low residue of agricultural pesticide 
contamination compared to high pesticide residues is associated 
with better semen quality [103]. Specifically, organophosphates, 
organochlorine, and bipyridyl herbicides mediate negative effects 
on spermatogenesis via OS [22]. Additional endocrine disruptors 
that induce OS include BPA, dioxins, and phthalates [93]. 

Furthermore, the in utero exposure to endocrine disruptors 
appears to negatively modulate the development of the male 
gonads. This is further established through observational and 
experimental models with reproductive disorders in adults, 
including a reduction in sperm count alongside an increased risk 
of testicular cancer and cryptorchidism [42]. Epigenetic changes 
have also been associated with gestational exposure to estron- 
genic compounds [104]. 


lonizing Radiation 


In recent decades, exposure to ionizing radiation (IR) has become 
more common in clinical practice due to the use of radiographic 
testing and cancer treatment with radiotherapy. The testes are 
located externally and, therefore, are more prone to radiation- 
induced damage [10]. Human testes appear to be more sensi- 
tive, with poor recovery of spermatogenesis after radiotherapy 
compared to rodents due to the arrest of spermatogonial stem 
cells at a point of differentiation [105]. Though the underlying 
mechanism of this arrest and any subsequent recovery is not well 
documented, it has been found to be mediated by several fac- 
tors, including the time of diagnosis, semen parameters before 
the treatment, the dose, and duration of exposure [106]. Patients 
must be counseled for the spermatozoa cryopreservation and the 
options of assisted reproduction before treatment. 

Solar ultraviolet radiation (UVR) has a considerable impact 
on all living organisms [107] whereby ultraviolet B-rays' (UVB) 
exposure induces damage at the molecular and cellular levels, 
such as to the enzymes and nucleic acids [108]. In the past few 
decades, the rate of environmental and occupational exposures 
to low-wavelength UVR has increased. UVB specifically affects 
the cell membrane, alters its membrane permeability, and induces 
DNA damage through OS [109]. This exposure has been shown 
to have detrimental effects on human spermatozoa, particularly 
DNA fragmentation via ROS formation [110]. 


Nonionizing Radiation 


Exposure to nonionizing radiation through radiofrequency 
(RF) can occur from several sources, including the use of cell 
phones, Wi-Fi, Bluetooth, high-frequency dielectric and induc- 
tion heaters, broadcast antennas, and high-power pulsed radars. 
Concerns are growing about the possible hazardous effects of 
RF-electromagnetic waves (EMW) emitted by these devices 
on human health. These radiations may result in difficulty in 
concentration, fatigue, and headache [111], increase in reaction 
time [112], alteration in electroencephalogram pattern, and dis- 
turbance in sleep [113]. RF also negatively affects semen quality 
in men by decreasing the semen volume, sperm concentration, 
motility, and viability, thus impairing male fertility [8]. 


148 


These detrimental effects of RF on male fertility occur through 
its thermal and nonthermal effects. As testis depends mainly on 
surface conduction rather than blood flow for temperature control, 
it may absorb more EMW energy than other organs. This results 
in elevation of testicular temperature and GHS, detrimental to 
spermatogenesis [114]. Through its nonthermal effects, RF either 
induces OS and alters cell membrane potentials. This ultimately 
disrupts germ cell proliferation and increases apoptosis [115]. 
Increased exposure of RF-EMW may result in sperm DNA frag- 
mentation and epigenetic changes. Chronic exposure to RF-EMW 
may cause degeneration of Leydig cells and, thus, decreased level 
of testosterone that may have a direct effect on the steady mainte- 
nance of spermatogenesis [115]. As all these effects of RF-EMW 
on male reproduction are increasingly reported, increased public 
and clinical awareness is warranted, alongside further investiga- 
tions into mechanisms and preventative strategies. 


Psychological Stress Management 


Psychological stress, occurring through different environmental, 
occupational, and social mediators, is a major contributor to idio- 
pathic male infertility and correlates positively with impaired 
semen parameters [116]. From an endocrine perspective, psycho- 
logical stress potentially elevates the marker stress hormones, 
cortisol, and norepinephrine [117]. This further induces intra- 
cellular ROS, affecting cellular microstructures and triggering 
inflammatory responses [117]. This may also directly affect male 
reproductive functions via modified glucocorticoid action on 
Leydig cells [11], androgen synthesis suppression, and induction 
of Leydig cells apoptosis [11,57,118]. Glucocorticoid synthesis by 
11B-hydroxysteroid dehydrogenase (11BHSD) inhibits steroido- 
genic enzyme activities resulting in the suppression of Leydig 
cell functions [119]. Such stress-induced increase in glucocor- 
ticoid levels may lower testosterone levels without affecting LH 
levels, while in chronic stress, a decrease in both gonadotropic 
and GnRH levels are apparent [120]. 

It is apparent that a significant increase in research focuses on 
the mechanisms of psychological stress-related male infertility is 
required. Furthermore, the impact of stress-release techniques and 
approaches including cognitive behavioral therapy and mindful- 
ness within this context requires investigation. Based on the lim- 
ited evidence available, the clinical evaluation of psychological 
stress in male infertility evaluation and management is warranted. 


Conclusion 


Various modern lifestyle challenges are increasingly associ- 
ated with a detrimental effect on male fertility. These include 
poor nutrition and sedentary lifestyle, obesity and related meta- 
bolic comorbidities, excessive or inappropriate exercise, endo- 
crine disruptors, alcohol and tobacco consumption, excessive 
heat exposure, radiation related to modern telecommunications, 
and even psychological stress. These are generally mediated 
through increased OS, although significantly increased inves- 
tigation into mechanisms and potential therapeutic strategies 
and targets are warranted. Appropriate clinical interview and 
biochemical investigations relevant to these lifestyle exposures 
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are important in clinical practice and management of male 
infertility. Consideration for evidence-based nutritional therapy 
and exercise regimen, appropriate supplementation and phyto- 
therapy, and avoidance of GHS risk factors, alcohol, and tobacco 
should be considered to improve male fecundity. 
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Surgical Management Techniques for Male Infertility 


Kevin C. Lewis, Scott Lundy, and Sarah Vij 


Introduction 


The surgical management of male infertility is a rapidly 
evolving field with many recent advancements in operative 
techniques and technologies. This chapter provides a broad 
overview of contemporary procedural and surgical manage- 
ment of male infertility patients. Detailed information on 
diagnostic workup, etiologies, and nonsurgical management is 
beyond the scope of this chapter. 

Infertility is defined as the inability to achieve a pregnancy 
after 12 months of unprotected intercourse [1]. Approximately 
15% of couples attempting to conceive are unsuccessful at 1 year, 
with a male factor solely responsible in 2096 of cases and con- 
tributing, along with a female factor, in 30%-40% of cases [2]. 
Workup for male factor infertility is indicated in nearly all cou- 
ples experiencing infertility, and treatment is often indicated 
for men found to have an abnormality on semen analysis (SA) 
testing. 


Diagnostic Procedures 
Transrectal Ultrasound 


Although the role for imaging in the workup of an infertile male 
remains somewhat limited, ultrasound is the modality of choice 
to assess the male reproductive tract. Transrectal ultrasound 
(TRUS) is a useful technique for imaging the seminal vesicles 
(SVs), prostate, and ejaculatory ducts to assess for obstructive 
processes. TRUS can be used to assess for ejaculatory duct cysts 
or calcifications, prostatic cysts, and SV dilation. 

TRUS is indicated for patients presenting with low-volume 
azoospermia and normal or enlarged testicles, consistent with 
obstructive azoospermia (OA; Figure 16.1). Engin et al. reported 
a 75% diagnostic rate in low-volume azoospermic patients under- 
going TRUS [3]. Alternatively, low-volume oligospermia may 
represent partial ejaculatory duct obstruction (EDO) and repre- 
sents a relative indication for TRUS at the discretion of the pro- 
vider. Other relative indications exist (painful ejaculation, severe 
hypospadias, anejaculation, hematospermia, etc.) and should be 
evaluated in the clinical context of each patient. 


Magnetic Resonance Imaging 


Magnetic resonance imaging (MRI) can be a useful tool in the 
evaluation of the ejaculatory ducts and SVs. Engin et al. found 


that a pelvic MRI with an endorectal coil was diagnostic of 
obstruction in 61% of men with azoospermia [3]. A subsequent 
study demonstrated EDO findings on MRI in 18 patients that 
were confirmed during surgery, including unilateral or bilateral 
ejaculatory duct dilation, ejaculatory duct cysts, and Müllerian 
duct cysts [4]. Due to the cost, ease, and diagnostic superiority of 
the TRUS in these patients, ultrasound should be regarded as the 
primary diagnostic modality for suspected EDO or SV pathol- 
ogy. MRI in this context should be reserved for patients with a 
suspected obstruction and nondiagnostic TRUS or other uncom- 
mon clinical scenarios. 


Vasography 


Vasography is a diagnostic procedure used to confirm the 
patency of the vas deferens and ejaculatory duct and to local- 
ize an obstructing lesion for intraoperative planning. Vasography 
can be used for surgical planning and is performed at the time 
of scrotal exploration to diagnose obstruction in anticipation of 
reconstruction [5,6]. Vasography is invasive and carries addi- 
tional risks (e.g., de novo stricture formation) and should not be 
routinely performed [7]. 

Vasography may be considered if a patient meets the follow- 
ing three criteria: (1) at least one palpable vas deferens, (2) low 
volume on SA, and (3) adequate spermatogenesis (based on his- 
tory or testicular biopsy) with a desire to establish or re-establish 
natural paternity. In addition to these criteria, vasography should 
only be used if an obstruction at the level of the vas deferens, 
epididymis, or ejaculatory duct is suspected, and identification of 
such a lesion will change surgical management. 

Vasography is performed by injecting contrast, normal saline, 
or diluted indigo carmine into the abdominal vasal lumen under 
direct visualization. Fluid from the lumen of the testicular end 
should be microscopically examined for sperm with the goal of 
confirming patency and cryopreserving any viable sperm for 
in vitro fertilization (IVF) or intracytoplasmic sperm injection 
(ICSI). Threading a 2-0 monofilament nylon suture antegrade 
through the vas deferens can also be used as an adjunctive tech- 
nique to aid in localizing an obstruction [8]. If a subsequent 
vasovasostomy or vasoepididymostomy is performed, the vas 
deferens is completely transected at the same site; otherwise it is 
closed in the standard microsurgical fashion. 

Complication rates of vasography have not been well described 
thus far in humans. Strictures are thought to be due to trauma from 
multiple puncture sites, as well as inflammation from certain 
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FIGURE 16.1 Surgical management of obstructive azoospermia. 


biologic dyes and non-water-soluble contrast agents [9]. Animal Testicular Biopsy 
models have demonstrated the possibility of vas deferens stric- 
ture after vasography [9-11], but the clinical data regarding this 
remains scant. Given lack of robust clinical information regard- 
ing side effects, the procedure is used only sparingly and only 
when the result will change management. 


Testicular biopsy is rarely necessary in the primary workup of 
infertility but may occasionally be used to differentiate between 
OA and nonobstructive azoospermia (NOA) when the diagnosis 
is ambiguous [12] (Figure 16.1). A biopsy may be helpful in men 
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with a normal physical examination, including size and consis- 
tency of the testes, palpable bilateral vas deferens, a negative 
antisperm antibody test, and a normal follicle-stimulating hor- 
mone (FSH) [13-15]. In NOA, sperm production may be focal, 
so a biopsy with no sperm should not preclude pursuing further 
workup and treatment [16]. 

The modern testicular biopsy can be both diagnostic and 
therapeutic. Biopsy specimens may provide valuable prognos- 
tic information for diagnoses, which differ in sperm-retrieval 
rates [17-21]. Furthermore, sperm can be isolated from testicular 
biopsies and used for fertilization with ICSI. Current recommen- 
dations for microdissection testicular sperm extraction (mTESE) 
are for multiple biopsies to be taken from bilateral testicles and 
any sperm found should be cryopreserved [22,23]. Complications 
of testicular biopsy are rare and include hematoma, infection, 
damage to testicular blood supply, and inadvertent biopsy of the 
epididymis [6,18,19]. 


Surgical Management 
Vasovasostomy 
Introduction and Indications 


The first successful vasovasostomy (VV) in a human was per- 
formed by William C. Quinby in 1919, 11 years after Dr. Edward 
Martin at the University of Pennsylvania performed the first 
vasoepididymostomy (VE) for a man with epididymal obstruc- 
tion due to epididymitis [24-26]. VV has evolved considerably 
since this early work, most notably by the introduction of the 
microsurgical technique in 1977 [27,28]. Vasal obstructions are 
most commonly the result of a previous vasectomy, and epide- 
miological data suggest that up to 6% of men who undergo vasec- 
tomy will seek a vasectomy reversal [29]. Traumatic vasal injury 
is rare, and iatrogenic injury to the vas deferens accounts for only 
7% of vasal obstructions [30]. 

In addition to fertility, VV may also be considered for select 
patients with postvasectomy pain syndrome when more conser- 
vative measures have failed [31,32]. Chronic scrotal pain is a rare 
complication of vasectomy, occurring in approximately 1%-2% 
of patients [33]. The etiology remains poorly understood [34]. 
Patients with persistent pain despite conservative therapy may 
be offered a subsequent surgery, including epididymectomy, 
open-ended vasectomy, or VV [31,32,35]. Published data on 
these operations for postvasectomy pain have shown 50%-100% 
of patients reporting complete resolution in their pain following 
VV [31-33]. However, the data on reoperation for postvasectomy 
pain syndrome is not robust and based mainly on single-center 
series, and patients should be counseled appropriately [34]. 


Preoperative Testing 


In healthy patients with previously established fertility, no 
further preoperative testing is needed, and a careful physical 
examination should focus on assessing epididymal fullness, the 
length of testicular vasal remnant and presence of sperm granu- 
loma to aid in accurate patient counseling regarding VV success 
rates [36,37]. It should be emphasized that obstructive interval 
is the primary predictor of postoperative patency. In patients 
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without previously documented fertility, preoperative testing 
varies by center and should proceed with the goal of identifying 
additional causes of infertility. The male workup should be com- 
pleted in conjunction with the fertility evaluation of the female 
partner if necessary. 


Procedure 


VV can be performed with or without an operative microscope. 
Reported patency rates in small studies with uncomplicated 
VV operations are similar between macroscopic and micro- 
scopic techniques, with a slightly increased patency rate using 
the microscope [38-40]. However, the microscopic approach 
offers the important advantage of enabling a VV anastomosis 
in the convoluted vas deferens or a VE anastomosis if needed. 
The majority of VV operations in the United States are per- 
formed with the operating microscope [41,42], and the authors 
recommend that a microscope should be used for all vasectomy 
reversal operations where feasible. 

Vasectomy reversals are typically performed through a high 
scrotal incision for vasectomy defects or via inguinal incision if a 
distal lesion is suspected. The decision to deliver the testicle var- 
ies by surgeon; some routinely deliver the testicle in all VVs [43]. 
At the authors’ center, the surgeons deliver the testicle only if the 
obstructive interval is greater than 10 years or if the vasal defect 
is excessively long. 

Our practice is to then place stay sutures and isolate the vas 
with emphasis on identifying the junction between healthy and 
atretic vas. We then ligate the perivasal pedicle at this location. 
Once the vas deferens is isolated, the damaged segment is excised 
until a healthy muscularis layer and patent lumen are visualized. 
Vasal fluid should be examined for motile sperm and saved for 
cryopreservation if desired (Figure 16.2). 

Currently the main techniques used for anastomosis are the 
two-layer anastomosis, modified one-layer anastomosis, and 
the multilayer microdot method. The standard two-layer 
anastomosis uses 10-0 nylon sutures for mucosal reapproxima- 
tion and 9-0 nylon sutures to close the seromuscular layers [28]. 
This approach has maintained excellent patency and pregnancy 
rates [36,44] (Figure 16.3). 


The modified one-layer anastomosis: Involves four full- 
thickness 9-0 sutures interspersed with six to eight 
9-0 sutures reapproximating the seromuscular layer [45]. 
In a large multicenter study by Belker et al., patency 
and pregnancy rates were no different between the two 
techniques [44]. The significantly lower operative costs 
and decreased operative time compared to the two-layer 
anastomosis [46] make the modified one-layer anastomo- 
sis the technique of choice at our institution (Figure 16.3). 

Multilayer microsurgical microdot technique: Described 
in detail by Goldstein et al. in 1998 [47], it is used to 
ensure precise placement of sutures for VV. The tech- 
nique is especially useful in anastomosing vasal lumen 
of different caliber such as the convoluted vas def- 
erens [48]. The needle exit points are marked with a 
microtip marking pen on the cut abdominal and testicu- 
lar ends of the vas deferens before beginning the suture 
placement to help prevent an imperfect anastomosis. 
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FIGURE 16.3 Cross-sectional diagram of vasal reconstruction tech- 
niques. Note that any of these techniques are amenable to additional adven- 
titial sutures (not shown). 


The technique was originally described to be used in 
conjunction with a standard two-layer anastomosis but 
could be used for surgical planning of the modified 
one-layer anastomosis as well (Figure 16.3). 


Alternative approaches to the standard anastomosis techniques 
have been described in an effort to decrease time and expense, 
and thereby increase accessibility. Fibrin glue assisted anastomo- 
sis techniques have been proposed, with only two or three sutures 
reinforced with fibrin tissue adhesive. This technique has report- 
edly similar outcomes to standard techniques [49]. However, 
the data thus far are based mainly in animal studies [50] with 
few data published in humans, and long-term outcomes remain 
unvalidated. 


Special Circumstances 


Intraoperative sperm has classically been evaluated on the Silber 
scale [51]; however, more recent data suggest that a VV can suc- 
cessfully be performed with the presence of only sperm parts in 


the vasal fluid [52]. The vas deferens should be resected at least 
until a healthy appearing vas with patent lumen is seen. If no 
vasal fluid is present, the vas should be further resected until 
a satisfactory microscopic exam of the vasal fluid is obtained 
(Figure 16.2). A VV with the convoluted vas is technically more 
difficult than an anastomosis in the straight vas, but has been 
found to have comparable patency rates as a VV and is therefore 
preferable to a VE if possible [53,54]. 

An adequate length of vas deferens is needed to perform 
a tension-free anastomosis. Often very little mobilization is 
required if a small section of the vas was originally removed; 
however, the surgeon needs to be prepared for more exten- 
sive mobilization of the abdominal vas have a more aggressive 
vasal excision has been performed. Many techniques to further 
mobilize the vas if have been described by Goldstein et al. [6], 
including dissection of the convoluted vas off the epididymis, 
dissection up to the internal ring with an incision in the floor of 
the inguinal canal, and further dissection of the epididymis off 
the testis to the level of the caput epididymis. 

Crossover transseptal techniques may be employed in 
patients with a solitary functioning testicle and ipsilateral 
obstruction due to vasal agenesis or an irreparable obstructive 
lesion. Crossover VV is an option for men who fit the preceding 
criteria with a patent testicular vasal segment [55,56]. However, 
in men with unilateral vasal agenesis, or extensive vasal destruc- 
tion, crossover VE is a feasible option with comparable patency 
rates [57]. 


Outcomes 


The success of a VV can be measured in both patency and preg- 
nancy rates. Patency rates are more reliable and more commonly 
used for counseling patients. Patency rates after VV have been 
reported between 85% and 90%, with pregnancy rates reaching 
approximately 52% [38,41,42,44,58,59]. Factors associated with 
better VV outcomes include shorter obstructive interval, pres- 
ence of sperm in the vasal fluid at the time of surgery, the use of 
a microscope, and previously established paternity. Preoperative 
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factors that have been suggested, including vasal remnant length 
and presence of a sperm granuloma, have not been shown to have 
a strong correlation with VV outcomes [30,60,61]. It is, however, 
important for practitioners and patients to keep in mind that the 
end goal is a viable pregnancy, which also requires management 
of any female factors that may be present. To that end, patients 
should be counseled on alternative therapies as well, including 
sperm extraction and subsequent assisted reproductive tech- 
niques (ART). 


Postoperative Course 


Postoperative management differs between centers. Some 
centers schedule repeat semen analysis testing at 1, 3, and 
6 months postoperatively. At the authors” institution, in-office 
microscopic semen evaluation for sperm is performed 6 weeks 
postoperatively to assess for patency. If no sperm are seen at 
6 weeks, a 2- to 3-week course of nonsteroidal anti-inflam- 
matory drugs (NSAIDs) is prescribed, and patency is reas- 
sessed with repeat semen evaluation. In addition to NSAIDs, 
some centers prescribe a 1 month steroid taper to decrease 
inflammation [43]. 

Complications of VV are rare but may include hematoma for- 
mation, infection, and testicular atrophy from damage to the tes- 
ticular blood supply [62]. Postoperatively, patients are counseled 
to avoid ejaculation for 3 weeks and to wear scrotal support or 
supportive underwear. Secondary azoospermia after V V is a rare 
complication, which can be ameliorated with cryopreservation of 
sperm at the time of surgery [58,63]. 


Vasoepididymostomy 
Introduction 


VE is a technically challenging procedure reserved for situ- 
ations in which VV would fail to restore patency due to a 
residual upstream defect or obstruction (Figure 16.2). The pro- 
cedure requires significant technical experience in both iden- 
tifying a suitable location for anastomosis of the vas deferens 
to the epididymis, as well as the technical expertise with the 
operative microscope to anastomose to a single epididymal 
tubule [64,65]. 


Indications 


VEisindicated for men with OA due to an epididymal or proximal 
vasal obstruction. Epididymal obstruction is most commonly the 
result of a remote vasectomy but can also be the result of infec- 
tion, iatrogenic injury, trauma, or an idiopathic cause [66]. In the 
setting in which the etiology or site of obstruction is unclear, a 
VE may be performed in a patient with azoospermia with com- 
plete spermatogenesis on testicular biopsy and no sperm parts 
in the vasal fluid. Success rates in this setting approach 85% in 
experienced hands [67]. 

VE patency and pregnancy results are lower compared to V V, 
so a VV is performed when feasible [68,69]. The assessment is 
made intraoperatively based on the microscopic characteristics 
of the vasal fluid from the testicular vasal remnant [70]. VV 
with just sperm parts in the effluent has been found to have high 
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patency rates, ranging from 75% to 95% [44,52,71]. As such, VE 
is performed only in patients with neither whole sperm nor sperm 
fragments seen microscopically [43]. 

The likelihood of requiring a VE for vasectomy reversal has 
been shown to increase with the obstructive interval (OD), with 
one series showing 62% of men with an obstructive interval of 
15 years or greater requiring a unilateral or bilateral VE [72]. 
Nomograms and predictive models can be useful tools for pre- 
operative counseling on the likelihood of a patient requiring a 
VE [73-75]. 


Procedure 


No additional preoperative workup is needed for VE beyond 
what is done for a VV. The VE requires an operative micro- 
scope for adequate magnification of the epididymal tubules and 
vasal lumen. Sperm maturation occurs in transit through the 
epididymis, so the distal-most dilated epididymal tubule should 
be chosen for anastomosis [76,77]. If the level of obstruction is 
not clearly apparent, a tubule can be punctured with a 10-0 nee- 
dle or incised and fluid can be aspirated for microscopic exami- 
nation before preparing the anastomosis [76]. If the fluid has no 
sperm, the puncture site should be sealed with a bipolar cautery 
and the anastomosis begun a few millimeters proximal on the 
tubule. Importantly, the presence of clear copious effluent at this 
stage is insufficient to proceed with anastomosis. If no sperm 
are found, this technique should be repeated proximally until an 
adequate tubule is discovered. 

Microsurgical anastomosis techniques continue to evolve, 
improving patency rates and decreasing operative times and 
costs. Microsurgical longitudinal intussusception VE (LIVE) 
evolved as a modification of the three-suture triangulation 
intussusception VE (TIVE) and of the previous two-suture 
intussusception techniques described by Berger and Marmar, 
respectively [78,79]. Intussusception techniques, including LIVE 
and TIVE, have been shown to have similar or better patency 
rates, lower late failure rates, and fewer anastomotic sutures 
compared to traditional end-to-side (ES) and end-to-end (EE) 
techniques [80]. 

The LIVE technique (Figure 16.4) involves two longitudi- 
nally placed sutures in the tubule prior to the longitudinal tubule 
incision [81]. Chan et al. describe maintaining the needles in 
the tubule and not pulling the suture through until after the 
incision is made to avoid the tubule collapsing until the anas- 
tomosis is prepared [81]. The use of the microdot technique 
with VE can further enhance accuracy of suture placement 
and help with vasal orientation. Examining the fluid from the 
tubule before suture placement, as detailed previously, mitigates 
the risk of preparing an anastomosis on a tubule distal to the 
obstruction [6]. The second-layer closure is achieved with 6 to 
12 interrupted 9-0 sutures approximating the vasal sheath to the 
epididymal tunica [6,76]. 

The LIVE technique is described using two double-armed 
10-0 sutures placed in an inside-out fashion on the vas. 
The operation has also been described using two single-armed 
microsutures with a similar patency rate in an animal model [67]. 
Single-armed microsutures are more easily accessible, but their 
use requires placing sutures outside-in, increasing the chance of 
back-walling the vasal lumen. 
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FIGURE 16.4 Microsurgical longitudinal intussusception VE (LIVE) 
technique: two needles have been placed in the epididymal tubule and the 
vas deferens has been anchored to the epididymal tunica in preparation for 
epididymal tubule incision and anastomosis. 


In a similar manner, the use of a single long double-armed 
10-0 suture instead of two sutures has been suggested for the 
anastomosis [76]. The advantage is that of cost and needing to 
tie only one set of sutures. However, the longer suture carries the 
risks of having a loose loop when tightening the anastomosis, 
the suture knotting on itself, and the risk of back-walling as the 
anastomosis requires two of four suture placements in the vas 
deferens to be placed outside-in [76]. 


Outcomes 


VE is a technically challenging procedure and requires exten- 
sive microsurgical experience for optimal results. Patency 
rates following VE in experienced hands have been reported 
to be up to 85%-90% with the inclusion of intussusceptive 
techniques [47,76,78,82]. 

The next steps, should a VE fail, include repeat VE with epi- 
didymal sperm aspiration at the time of surgery [83] or epididy- 
mal sperm aspiration (discussed in the section on sperm-retrieval 
techniques) without a subsequent reconstruction. Repeat VE 
has been reported to have an average of up to 67% patency 
rate, with declining success associated with longer time from 
vasectomy [83]. 


Postoperative Course 


Postoperative course after VE, including follow-up testing and 
potential complications, are the same as post-V V. Complications 
are rare and include hematoma, scrotal edema, orchialgia, 
and testicular arterial injury leading to testicular atrophy [76]. 
Postoperative care and instructions are the same as post-V V. 


Transurethral Resection of Ejaculatory Ducts 
Introduction 


Transurethral resection of the ejaculatory ducts may be performed 
for infertility or pain caused by an obstruction at the level of the 
ejaculatory ducts (Figure 16.1). EDO is arare cause of oligospermia 


Male Infertility in Reproductive Medicine 


and azoospermia [84]. Acquired etiologies of EDO include SV cal- 
culi, inflammation from urethral trauma, previous transurethral 
surgery, infection, or indwelling urinary catheter, and prostate 
cancer [84,85]. Congenital etiologies include congenital atresia 
or stenosis of the ejaculatory ducts, Müllerian duct cysts, wolffian 
duct cysts, or utricle cysts [85,86]. The typical findings of EDO 
may be skewed, however, in a patient with a partial EDO, but the 
diagnosis should be considered in a man experiencing infertility 
with very low sperm motility or low fructose on SA [87]. 


Preoperative Testing 


EDO is often asymptomatic and is first detected by low-volume 
azoospermia or oligospermia on SA. However, associated symp- 
toms can include postejaculatory pain, hematospermia, and 
low ejaculate volume [7]. Preoperative workup should include 
a history and physical examination to assess for nonobstructive 
causes of the SA findings, including medications or underlying 
medical conditions predisposing to ejaculatory dysfunction [85]. 

The diagnosis of EDO requires both laboratory findings and 
correlative imaging. SA with azoospermia or oligospermia, 
low-semen volume («1.0 mL), pH « 7, and no fructose are all 
suggestive of EDO [88]. A partial EDO, however, may have nor- 
mal to low ejaculate volume and normal to low sperm counts 
but will often have low motility and low fructose [87]. TRUS 
has replaced seminal vesiculography as the mainstay of imag- 
ing [89]. Dilated ejaculatory ducts (22.3 mm) or SVs (21.5 cm) 
are suggestive of EDO, especially in the setting of a midline cyst 
or SV calculous [85,90]. TRUS, however, has a poor specificity 
for EDO with a false-positive rate of 48% [91]. 

Adjunctive tests, which can improve the diagnostic specificity 
of TRUS, include MRI with an endorectal coil [92], TRUS-guided 
SV aspiration [92], SV vasography, and seminal vesicle chromo- 
tubation [91]. SV aspiration may be used diagnostically, as the 
presence of sperm in the SV is highly supportive of obstruction 
at the level of the ejaculatory duct or distally [93]. When per- 
formed, it can also be used to preserve retrieved sperm for ART 
if the patient and his partner fail to achieve a pregnancy [93]. 
SV vasography involves the injection of nonionic contrast into 
the SV after aspiration. Plain films or fluoroscopy can be used 
to assess for dilated SVs and retrograde patency of the vas def- 
erens. SV chromotubation uses indigo carmine dye instead of 
contrast. The patency of the ejaculatory ducts is assessed by the 
presence or absence of blue dye on cystoscopy. 


Procedure 


Transurethral resection of ejaculatory ducts (TURED) 
is performed with a 24 Fr resectoscope and an electrocautery 
loop [88]. The verumontanum is resected either in the midline or 
laterally, with pure cutting current to minimize thermal energy 
to the ejaculatory duct openings. The resection is continued until 
milky-white fluid is seen effluxing from the ejaculatory ducts, 
with care taken to avoid injuring the rectum or rhabdosphinc- 
ter [7,88]. Once the ejaculatory ducts appear patent, hemostasis 
is achieved with judicious use of coagulation current. 
Adjunctive techniques used to help identify the proper depth 
of resection include TRUS-guided injection of indigo carmine 
into the SVs, endoscopic needle aspiration with microscopic 


Surgical Management Techniques for Male Infertility 


examination of ejaculatory duct fluid, and TRUS-guided resec- 
tion of the verumontanum [7,88]. If performing TRUS-guided 
injection of the SVs, a needle aspiration with the intent to cryo- 
preserve sperm may be performed intraoperatively. 


Outcomes 


A significant improvement in semen parameters (>50% increase in 
total motile sperm count) has been reported in 50%-—75% of patients 
following TURED, with a postoperative pregnancy rate of 20%-— 
30% [84,94,95]. A greater response in semen parameters can be 
expected in patients with partial EDO than in those with complete 
EDO [94,96]. Additionally, patients with midline cysts have been 
reported to have higher success rates than men with other causes 
of obstruction [94,96]. One study reported approximately 60% of 
patients will have durable resolution in postcoital pain following 
TURED [97]. 


Postoperative Course 


Postoperative management includes intraoperative urethral 
catheter placement, which is usually maintained perioperatively 
for a brief period [98]. Patients are generally discharged the 
same day after a trial of void. They are counseled to not ejaculate 
for 7 to 10 days postoperatively, and should be counseled that 
when sexual activity is resumed, they may experience self- 
limited hematospermia, for which no intervention is generally 
needed [98]. A SA is later performed to assess for return of 
sperm to the ejaculate. 

Complications from TURED occur in approximately 20% of 
patients [95]. The most common complications include self-limited 
hematospermia or gross hematuria and urinary tract infections [88]. 
More serious complications include epididymitis and ejaculate con- 
tamination with urine though reflux of urine into the ejaculatory 
ducts or retrograde ejaculation [88,94,95,98,99]. Lastly, there is 


TABLE 16.1 


Sperm Retrieval Techniques 
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a risk of injuring the bladder neck or the rectum during prostatic 
resection, though these complications are exceedingly rare. 

There is a risk of an additional upstream obstruction of the vas 
deferens or epididymis, and approximately 13% of patients have 
been reported to have normal ejaculate volume but remain azo- 
ospermic after TURED [88]. Additionally, 4% of men will develop a 
secondary obstruction at the ejaculatory ducts, thought to be due to 
scar tissue formation. As such, the authors routinely recommend for 
patients to cryopreserve sperm if able at the time of their operation. 


Special Circumstances 


If no sperm are seen on SV aspiration or endoscopic needle 
aspiration at the time of surgery, a vasal obstruction or testicular 
failure should be suspected as additional etiologies of azoospermia 
unless already ruled out by additional preoperative testing. 


E 
Surgical Techniques for Nonobstructive 
Azoospermia and Oligospermia 


Sperm-Retrieval Procedures 
Introduction 


Sperm-retrieval procedures allow men with OA and NOA not 
amenable to reconstruction to father a child through assisted 
reproductive techniques [100] (Figure 16.1). These options may 
provide the quickest avenue to achieve a pregnancy, but place 
the burden of treatment more heavily on the female partner as 
ART will be necessary [101,102]. The sperm-retrieval techniques 
detailed here can also be used intraoperatively at the time of other 
reconstructive techniques to be used if the reconstruction fails. 
In OA, sperm retrieval can be performed from anywhere along 
the reproductive tract proximal to the obstruction, including the 


Category Target Acronym Name Indications Anesthesia Benefits Drawbacks Notes 
Aspiration Epididymis PESA Percutaneous OA Local Rapid office procedure Nontargeted Best in fully 
epididymal minimal equipment low potential for obstructed 
sperm aspiration morbidity hematoma patients with 
non-diagnostic dilated epididymis 
MESA Microsurgical OA General High-quality sperm Cost microscope Highest-quality 
epididymal required specimen for OA 
sperm aspiration microsurgical 
experience 
Surgical Testicle TESA Testicular sperm OA Local Rapid office procedure Nontargeted lower Can be performed 
extraction aspiration minimal equipment success rate risk with Tru-Cut 
of hematocele biopsy needle 
non-diagnostic 
TESE Testicular sperm NOA General or Diagnostic pathology Cost risk for Best for NOA with 
extraction Local hypogonadism no microscope 
risk for atrophy available 
mTESE  Microdissection NOA Local High success rate samples Cost microscope Best for NOA 
testicular sperm multiple locations better required 
extraction visualization diagnostic microsurgical 
pathology experience 


Abbreviations: 


NOA, nonobstructive azoospermia; OA, obstructive azoospermia. 
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SVs (see section on TURED), vas deferens (see section on vasog- 
raphy), epididymis, and testicle (Table 16.1). In NOA, however, 
the sperm must be extracted from the testicle. The degree of 
sperm maturation affects the options for ART and as such, sperm 
should be extracted from the distal-most site possible [77,103]. 


Techniques 


Microscopic epididymal sperm aspiration (MESA) and 
percutaneous epididymal sperm aspiration (PESA) are useful 
techniques for extracting sperm from men with OA at or beyond 
the level of the epididymis [104]. The addition of the micro- 
scope increases the accuracy of the procedure as it enables the 
selection of specific tubules, which can result in higher-quality 
sperm extraction [105]. MESA however, comes at the cost of 
increased time, expense, and expertise needed for the use of the 
microscope. 

In men with NOA, or with OA at the level of the efferent ducts, 
sperm can be extracted directly from the testicle for use with ICSI 
and IVF. Options for testicular sperm extraction (TESE) include 
percutaneous biopsy, and open biopsy. Testicular sperm aspi- 
ration (TESA), performed similarly to a PESA, involves per- 
cutaneous aspiration from the testicular parenchyma. However, 
men with NOA have nonuniform sperm production throughout 
the testicle, resulting in low success rates with TESA in men with 
nonobstructive pathologies [16]. 

Testicular sperm extraction (TESE) offers approaches to 
sperm retrieval with higher sperm extraction rates in men with 
NOA [22]. Percutaneous core biopsy uses a 14- to 18-gauge needle 
to extract testicular tissue. More tissue is extracted than through 
a TESA, offering a higher chance at a successful retrieval, but 
this technique suffers from the same drawbacks as the TESA, 
with a slightly higher rate of hematoma at 196—596 [23]. 

Open TESE allows for a larger amount of testicular tissue 
extraction than a TESA, increasing the likelihood of a successful 
sperm retrieval with similar rates of infection and bleeding com- 
plications [106]. Microdissection testicular sperm extraction 
(mTESE) offers the highest success rate among sperm-retrieval 
options for men with NOA [107]. Predicated on the observation 
that tubules with active spermatogenesis will be visibly dilated 
under adequate optical magnification, the operative microscope 
allows selective biopsies of tubules more likely to contain sperm 
while maintaining adequate parenchyma for endocrine function- 
ality. However, data from multiple studies have suggested that 
this benefit may be exclusive to men with pathologies resulting 
in nonuniform sperm production, such as Sertoli-cell-only syn- 
drome and hypospermatogenesis or maturation arrest [17—21]. 
mTESE does, however, allow for direct visualization of the tes- 
ticular blood vessels, reducing the risk of testicular devascular- 
ization and hematoma during the procedure [17-19]. 


Outcomes 


Sperm retrieved from the vas deferens has undergone the full mat- 
uration process in transit through the epididymis and can be used 
with IUI if an adequate number of sperm is retrieved [77,108]. 
Epididymal sperm have undergone variable levels of maturation 
and thus may be used with IVF but will have more consistent 
fertilization rates with ICSI. Fertilization rates with ICSI after 
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MESA or PESA range from 45%-62%, with pregnancy rates 
ranging from 32%-58% [109,110]. 

Testicular sperm-retrieval rates vary by technique and pathol- 
ogy [109,111]. Retrieval rates for mTESE have been reported 
between 45% and 63%, with standard or multibiopsy TESE rang- 
ing from 12%-45% [17,18,107]. A recent meta-analysis found 
mTESE was 1.5 times more likely (95% confidence interval [CI] 
1.4—1.6) to achieve a successful retrieval compared to standard 
TESE. Similarly, standard TESE was found to be two times more 
likely (95% CI 1.8-2.2) to result in a successful procedure [112]. 


Postoperative Course 


Complications of testicular sperm extraction include hematoma, 
infection, and damage to the testicular blood supply with resul- 
tant hypogonadism. Complications are rare among all sperm 
extraction procedures, with many studies reporting no complica- 
tions [17,18,112]. mTESE, however, has been reported to have a 
lower rate of hematoma, testicular atrophy, and hypogonadism 
compared to standard TESE [18,19]. Hematoma and vascular 
injury in MESA and PESA procedures are similarly rare and 
may be lower for a MESA procedure with the use of the opera- 
tive microscope and direct vision [19]. Vasal sperm aspiration 
carries a similar risk of hematoma, with the additional risk of 
vasal stenosis that is discussed in vasography. 


Varicocelectomy 
Introduction 


A varicocele is the dilation of the pampiniform plexus, the net- 
work of veins draining the ipsilateral testicle and hemiscrotum. 
Varicoceles occur commonly in the general male population, 
with a prevalence of 1596. They are found more commonly in 
men experiencing infertility, with reported rates of up to 3596 
in men undergoing primary infertility evaluation and 45%-81% 
of men undergoing secondary infertility evaluation [113-115]. 
Signs and symptoms include testicular pain, testicular atrophy, 
hypogonadism, and abnormalities in SA parameters [116,117]. 


Indications 


Varicoceles are present in a large proportion of asymptomatic 
men with normal fertility [115]. As such, they need only be 
treated in men with clinical sequela. For the treatment of infer- 
tility, varicocelectomy is indicated in men with a palpable vari- 
cocele and one or more abnormalities on SA testing [118,119]. 
Treatment should not be performed in men with a normal SA or 
subclinical varicocele [118]. 

Indications for repair of adolescent varicoceles are controver- 
sial as the true impact on future fertility remains unknown; how- 
ever, treatment is generally recommended if there is objective 
evidence of testicular size discrepancy [120]. In 1997, a prospec- 
tive study by Paduch and Niedzielski found that varicocelec- 
tomy in adolescents with grade II or III varicoceles resulted in 
reversal of testicular growth arrest and catch-up growth in the 
affected testicle at 12 months after surgery [121]. There is cur- 
rently no consensus among professional society guidelines on 
the degree of testicular asymmetry at which a varicocelectomy is 
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recommended. A volume differential of 20% is most commonly 
used as a cutoff for treatment in the literature [122,123], with 
evidence of greater effects on greater semen parameters with 
an asymmetry over 20% [124]. A more liberal cut-off of 15% 
asymmetry has been studied but remains controversial because 
of discrepancies in the literature regarding the percentage of 
adolescents experiencing catch-up growth with conservative 
management [123,125-127]. More recently, some authors are 
advocating for the addition of a peak retrograde flow >38 cm/ 
second on Doppler ultrasound to the consideration of varicocele 
treatment as it has been shown as a poor predictor of catch-up 
growth with conservative management [125,128]. 
Varicocelectomy for the treatment of chronic pain is also contro- 
versial, as some but not all men report improvement or resolution 
of pain after treatment [129]. Thus, treatment should be offered 
to men only after more conservative measures have failed [116]. 


Techniques 


A wide variety of techniques have been described to treat vari- 
coceles, including endovascular sclerotherapy, the open inguinal 
approach, laparoscopic approach, and microscopic subinguinal 
approach, which can be performed with magnifying loupes or 
with the operative microscope [130]. A prospective, randomized 
trial comparing open, laparoscopic, and microsurgical varico- 
celectomy techniques found the lowest postoperative hydrocele 
formation rate, lowest varicocele recurrence rate, and largest 
improvement in sperm counts and motility with the microsurgi- 
cal technique [131]. However, the authors also reported equiva- 
lent pregnancy rates between the three approaches, suggesting 
that microsurgery offers the benefit of lower complication rates, 
while maintaining a similar success rate [131]. 


* The inguinal (Ivanissevich) approach [132] has the 
advantage of a dissection in familiar anatomy to the 
general urologist [133]. This technique also enables 
easier preservation of the testicular artery [133,134]. 
The main disadvantage of this approach compared to 
the subinguinal approach is the incision through the 
external oblique fascia, which can result in increased 
pain in the postoperative period [134]. 

* The subinguinal (Goldstein) approach [135] is another 
safe and effective method for treating varicoceles 
and allows ligation of the testicular veins without any 
fascial incisions, decreasing the postoperative pain 
patients experience [134]. Below the external inguinal 
ring, however, the testicular artery often has divided 
into two or three branches and is surrounded by a more 
dense network of veins [133]. This difference in anat- 
omy makes testicular artery preservation more difficult 
than via the inguinal approach [133,134]. 


* The microsurgical subinguinal approach was first 
introduced by Marmar et al. in 1985 [135] and later 
refined by Goldstein et al. [130] to include the delivery 
of the testicle. The utilization of the operative micro- 
scope enables easier identification of the testicular ves- 
sels and lymphatic channels, resulting in a lower rate of 
hydrocele formation and varicocele recurrence [130]. 
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The disadvantages of the operative microscope include 
the additional operative time and cost, as well as the 
additional expertise needed for comfort with microsur- 
gical techniques. This technique is used by most male 
infertility specialists. 

e Endovascular approaches provide minimally inva- 
sive options for treating varicoceles. The anterograde 
(Tauber) technique involves accessing the testicular 
vein through a small scrotal incision and injecting a 
sclerosing agent into the pampiniform plexus [136]. 
Retrograde approaches gain access through percutane- 
ous cannulation and subsequent sclerotherapy or coil 
embolization of the testicular veins. The main advan- 
tage of endovascular approaches is the minimally inva- 
sive nature of the procedures, resulting in less pain and 
lower hydrocele formation [116]. The disadvantages, 
however, are a higher reported varicocele recurrence 
rate, longer operative time, and specialized training 
needed to perform the techniques [6,137,138]. 


* Laparoscopic varicocelectomy is most commonly used 
in the pediatric population. The advantages of this tech- 
nique is microsurgical training is not needed, operative 
time is short, and success rates are high [139]. 


Ouícomes 


Success after varicocelectomy can be measured by improve- 
ment in SA parameters, pregnancy rates, or pain resolution rates. 
A subgroup analysis of a 2012 Cochrane Review analyzed data 
from five studies comparing spontaneous pregnancy rates after 
varicocelectomy or observation in men with a palpable varico- 
cele and a SA abnormality. The analysis reported a mean odds 
ratio (OR) of 2.39 [119]. Other meta-analyses have universally 
reported improved SA parameters including concentration, 
motility, and morphology after varicocelectomy [140,141]. 

The other measure of success is that of varicocele recurrence 
or failure rate. Rates vary by technique, with the lowest average 
rate reported in microscopic subinguinal approach (1.2%) [116]. 
Endovascular approaches have an average of 676—996 recurrence 
or failure rate [116,137,138]. 


Postoperative Course 


Complications of varicocelectomy are similar regardless of the 
approach and most commonly include postoperative pain fol- 
lowed by hydrocele formation, varicocele recurrence, hematoma 
formation, and testicular atrophy due to testicular artery injury. 
Endovascular embolization has the rare but additional risk of the 
coil or balloon migration [142]. 

Repeat SA should be performed 3 months postoperatively. 


Robotics in Infertility Surgery 


With the widespread adoption of robotic surgery in urology in 
the past decade, a number of providers have begun to explore 
complementing or even replacing the operating microscope with 
the robotic platform. 
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The first reports of robotic infertility surgery focused on 
vasectomy reversal. Kuang et al. first performed a cadaveric ex- 
vivo proof of principle study for vasovasostomy and noted that 
compared to the traditional operating microscope, the robotic 
approach was associated increased operative time, higher rate 
of suture breakage, and equivalent patency [143]. Interestingly, 
early animal work from the same year conversely showed a 
decreased operative time with equivalent patency rates in both 
robotic VV and VE [144]. 

The first large-scale clinical experience in patients was reported 
by the Parekattil group in 2012 [145]. The group performed 
110 robotic vasectomy reversals including 44 robotic VE and 
compared these to a cohort of traditional microsurgical reversals. 
Surprisingly the patency rates in the robotic group (96% for VV) 
were higher than those in the microscopic group (8096) in this 
series. Operative times were also lower and motile sperm concen- 
trations were higher in the robotic group [145]. This study has been 
criticized for the low patency rates in the microsurgical group. 

The robotic approach has proved to be particularly useful 
for the rare case of intra-abdominal vasal pathology requiring 
repair. Barazani [146] reported successful VV following prior 
laparoscopic vasectomy, and Trost [147] described robotic rever- 
sal of bilateral obstruction following bilateral inguinal hernia 
repair with mesh. 

Several groups have also explored the use of the robot for 
varicocelectomy and spermatic cord denervation [148—150]. 
These reports have shown similar success rates but significantly 
increased cost. Robotic TESE has also been proposed [151], but 
little data has been published to date. 

A contemporary study also examined the robotic learning 
curve for a microscopic infertility surgeon and found a signifi- 
cant decrease in operative and anastomotic times over the first 
75 cases but no change in patency rates over time. 

Taken together, this early data suggests an evolving but 
immature role for robotics in infertility surgery. The robotic 
approach is not yet used by most providers given the lack of 
large scale data to support its use. Additionally, the approach is 
more costly. On the other hand, several uncommon clinical sce- 
narios (e.g., intra-abdominal vasal repair) clearly benefit from 
this technology. Further work will be needed to robustly assess 
outcomes, complication rates, and financial consequences of 
this approach. 
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SSS 
What Is Sperm Banking 
or Fertility Preservation? 


History of Sperm Banking—50 Years Later 


Cryopreservation of human spermatozoa is critical when it comes 
to preserving male fertility. While sperm cryopreservation, more 
commonly referred to as sperm freezing or sperm banking, has 
been prevalent in the scientific community in the treatment of 
infertile couples since the 1970s, the origins of sperm cryopreser- 
vation dates back to as far as the 1660s when Lazzaro Spallanzani 
found that sperm could maintain motility under cold conditions 
using the invention of Leeuwenhoek’s microscope [1]. Sperm 
cryopreservation came to be a forerunner in scientific studies 
after the development of artificial insemination and the grow- 
ing need for longer-term storage of bull sperm in the US dairy 
industry in the late 1950s to early 1960s. This period of time saw 
significant growth in the studies on sperm biology, morphology, 
and cryobiology [2]. 

The advancement in sperm cryopreservation began in 1949 with 
the use of glycerol, a permeant that could protect spermatozoa 
at low temperatures. In 1953, the first reported live human birth 
using thawed sperm was reported. The spermatozoa were stored 
temporarily in dry ice before being thawed and used for artifi- 
cial insemination. However, the introduction of liquid nitrogen 
(LN,) in 1964 paved way for the opening of the first therapeutic 
sperm bank located in Iowa. Although modern storage methods 
use liquid nitrogen vapors, the development of LN, allowed for 
long-term storage that can be carried out for decades and can still 
result in successful fertility outcomes. 


Indications for Sperm Banking 


There are many medical conditions where sperm banking is 
indicated to preserve fertility. Patients with cancer are the 
most common group of men who are referred for sperm cryo- 
preservation. Chemotherapy and radiotherapy are highly toxic 
to the reproductive system, leading to temporary or perma- 
nent azoospermia or oligozoospermia. Patients with medical 
conditions such as lupus, multiple sclerosis, urological dis- 
eases such as varicocele, testicular torsion, spinal cord injury, 
and ejaculatory dysfunction can also benefit from sperm 
cryopreservation. 


AAA | 
Autologous and Donor Sperm 
Banking for Infertility 


Users of sperm banking can be divided into two categories: 
autologous or autoconservation and donor groups. The autocon- 
servation group includes patients who preserve their sperm or 
testicular tissue for purposes of their own future fertility treat- 
ment. The donor group includes men who are recruited to serve 
as surrogate fathers to partners of couples suffering from refrac- 
tory male infertility problems or for single women planning for 
a child with donor sperm. These donors elect sperm banking for 
potential use in assisted reproductive techniques (ART). 


Sperm Banking in Patients with Cancer 


In the United States, up to 9.2% of patients diagnosed with cancer 
are younger than 45 years of age, and 1.1% of males are younger 
than 20 years [3]. Patients with cancer of the reproductive age 
group are most commonly referred to sperm banks in the United 
States and comprise about 44% of all referrals [4]. Testicular can- 
cer—both seminoma and non-seminoma—is the most common 
oncologic diagnosis in the reproductive age group. Other can- 
cers include Hodgkin’s disease, non-Hodgkin’s lymphoma, and 
soft-tissue tumors such as sarcomas. A high incidence of poor 
semen quality, most commonly asthenozoospermia, is reported 
in men with cancer (64.2%-86.3%) [5,6]. Other semen abnor- 
malities among patients with cancer who are referred to sperm 
banking include oligozoospermia (49.8%-53%) [7-9], severe oli- 
gozoospermia (22.6%) [8], and azoospermia (9.7%-21%) [7-9], 
and teratozoospermia is the most common abnormality (93.2%) 
among pretreatment cancer patients [6]. 

Testicular cancers have local and systemic influences on sper- 
matogenesis because of their relationship to local paracrine fac- 
tors such as B-human chorionic gonadotropin (B-hCG) [10] and 
cytokines [11]. Malignancy may disrupt the blood-testis barrier 
resulting in antisperm antibodies [12]. Reports suggest that tes- 
ticular cancer and male infertility is a result of testicular insults 
culminating into testicular dysgenesis syndrome [13]. This the- 
ory is supported by a high incidence of carcinoma in situ (CIS) 
that is common in testicular biopsies from infertile men. CIS can 
transform into invasive cancer in 50% of cases [14,15]. Some of 
the systemic effects of cancer include fever, malignancy-related 
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malnutrition, abnormal immune response, altered hormonal 
milieu, and a generalized stress and inflammatory response. 
This results in increased production of cytokines such as inter- 
leukins (ILs) and tumor necrosis factor (TNF), all of which 
can have devastating consequences on testicular and sperm 
function [16,17]. This may also result in chromosomal aneu- 
ploidy in the germ cells and sperm damage even prior to cancer 
treatment [18]. There is no relationship between the severity of 
male infertility and the stage of the malignancy. Therefore, it is 
important that oncologists address each cancer patient's risk of 
fertility irrespective of the clinical diagnosis or the stage of the 
disease [19,20]. 

Therapeutic agents used to treat cancer have varying degrees 
of impact on spermatogenesis. The effect on spermatogenesis 
is dependent on sperm quality before treatment, type of malig- 
nancy, drug characteristics, treatment regimen, and patient sus- 
ceptibility. Therefore, it is not possible to predict whether an 
individual patient will become permanently azoospermic, or 
whether they will regain partial to complete spermatogenesis 
after treatment [4,21—23]. For this reason, the Ethics Committee 
of American Society for Reproductive Medicine (ASRM; 2013) 
and the American Society of Clinical Oncology (ASCO) [24] 
recognizes the importance of addressing the issue of fertility 
preservation and course of treatment in men diagnosed with can- 
cer. Both these societies recommend that clinicians discuss the 
potential gonadotoxic impact of cancer treatment and fertility 
preservation options with their patients. 

Currently, sperm banking is the most effective way to preserve 
reproductive potential in adult or postpubertal adolescent male 
patients with cancer for its subsequent use with assisted repro- 
ductive procedures [25,26]. It is a simple and effective way of 
preserving fertility potential even in patients with cancer and 
poor sperm characteristics [27]. 


Sperm Banking in Adolescents with Cancer 


The incidence of cancer in adolescents has increased in the last 
three decades; however, the survival rates have also significantly 
improved [28]. Sperm banking is a viable reproductive option 
available to young adolescents who wish to establish biological 
paternity in the future. The ASRM and the ASCO support the 
practice of sperm banking in these patients. However, sperm 
banking is not available in all pediatric oncology centers and 
very few adolescent-friendly facilities are available [29,30]. 
Adolescents 12 years or older should be offered an opportunity to 
freeze their sperm prior to the start of their treatment [31]. In cases 
where adolescents have achieved sexual maturity, they can pro- 
vide a semen sample by masturbation, whereas other methods 
such as penile vibratory stimulation and electroejaculation can 
be offered in cases where masturbation is not feasible [32-34]. 

In prepubertal males, fertility preservation is a challenge 
because the absence of haploid sperm or spermatids in the tes- 
ticular tissue. In such cases, testicular tissue freezing, stem- 
cell isolation and transplantation, and in vitro maturation are 
experimental options available [26,35]. Sperm banking among 
adolescents and young adults has increased as a result of bet- 
ter awareness and communication between the patient and the 
sperm banking facilities [36,37]. 
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In a retrospective study of 4,345 adults and young adoles- 
cents from 23 French regional sperm banks affiliated with the 
CECOS network, Daudin et al. (2015) reported that 93% of the 
subjects successfully provided a semen sample by masturba- 
tion, and sperm from 3,616 patients (83%) were frozen [28]. 
These numbers were similar to smaller patient series; 84% 
(n = 25) from Muller et al. (2000) [38], 83.796 (n = 80) from Van 
Casteren et al. (2008) [39] and 86.1% (n = 238) from Bahadur 
et al. (2002) [40]. Daudin et al. also reported an increase in the 
number of young adolescents («15 years) who opted for sperm 
cryopreservation [28]. They attributed this increase largely to 
improved life expectancy owing to effective treatment, greater 
awareness of sperm banking options before cancer treatment 
and also to greater awareness among the different medical 
teams including oncologists and reproductive medicine and 
infertility specialists. 


AAA] 
Challenges in Sperm Banking in 
Adolescents Diagnosed with Cancer 


Significant challenges were observed in various surveys con- 
ducted in the United States, Australia, and New Zealand. 
A Canadian survey showed that only 17.8% of male adolescents 
and young adults used fertility preservation options between 
1995 and 2000. This was largely attributed to inadequate infor- 
mation on sperm banking options [41]. Similarly, a survey from 
a North American center showed that only 28.1% of patients ages 
13 years and older banked sperm [42]. Some of the barriers pre- 
venting young adolescents from sperm banking were urgency of 
treating cancer, oncologist's anxiety about discussing fertility 
and sexuality with young adolescents, poor prognosis, cost, and 
difficulty in finding sperm banking facilities [43]. 


Ethical and Legal Challenges 


The intersection of cancer and fertility raises many ethical issues 
for oncologists and fertility specialists. Cancer management is a 
stressful period for young patients and their parents. The option 
of a more conservative oncologic treatment and the chance to 
preserve fertility is a difficult choice that carries its own risks 
and uncertainties. The oncologist therefore has an integral role 
in not only providing the best treatment options, but he must also 
be aware of current fertility preservation options available to 
younger adolescents who may desire to have biological children 
in the future. 

Sperm stored for more than 20 years after treatment of tes- 
ticular cancer has resulted in fecundity, but several reports sug- 
gest that less than 20% of men who store their sperm before 
cancer treatment use it to conceive [44—47]. Insurance rarely 
covers the cost of cryopreservation, and it is important that 
patients are aware of the financial costs associated. Ethical 
and legal policies require that procedures performed on 
minors must serve their best interests [48]. Preserving fertil- 
ity in minors who are not competent to consent is challeng- 
ing. Parents may not consent, particularly if the procedure is 
experimental and involves more than minimal risk, unless there 
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are positive benefits to the child. This can be done if the institu- 
tional review board finds that the potential benefit of preserving 
fertility outweighs the burden of retrieving gamete or gonadal 
tissue. Postpubertal males who are able to ejaculate can provide 
sperm for storage. Empathy and sensitivity is important in deal- 
ing and discussing issues with adolescents either alone or in the 
presence of their parents. If they cannot ejaculate, testicular 
sperm extraction (TESE) or epididymal sperm harvesting can 
be performed with parental consent. 

Sperm banking patients should be counseled regarding 
the option for disposal of the samples in the future and the 
legal requirements for accomplishing this. A legal document 
should be signed by the client where he selects either a des- 
ignee to inherit the ownership in the event of his death or he 
may elect to have samples discarded or donated to research. 
Ethical issues on the effect of cancer on reproduction and their 
future children is important. The issue of whether offspring 
are at higher risk for physical effects of cancer as a result of 
the treatment effect, genetic mutation, or fertility preservation 
are concerns for cancer survivors. The possibility of a patient 
with cancer who has been cured or is in remission will have 
cancer and die prematurely, leaving a minor child with only 
one parent is another issue. Although some physicians have 
questioned whether it is ethical to allow such patients to repro- 
duce in these circumstances; ethical analysis does not provide 
convincing reasons to deny cancer survivors the opportunity 
to reproduce. Similarly, posthumous use of sperm by a sur- 
viving spouse or legal partner is another ethically sensitive 
issue. The legal system has recognized that the person's prior 
wishes about disposal of reproductive material are generally 
binding after his death. It is important that programs storing 
sperm for patients with cancer inform patients of the options 
for advanced directives for future use. 


Sperm Banking of Testicular and Epididymal Sperm 


Experimental options are available for fertility preservation 
in prepubertal boys as spermatogenesis has not resulted in 
the formation of spermatids or spermatozoa. Testicular tissue 
and germ cell preservation in young patients with cancer is 
an experimental option. Spermatogonial stem-cell transplan- 
tation is a novel method where there is ongoing research for 
fertility preservation in both prepubertal and adult males. 
Spermatogonial germ cells are present in prepubertal testicular 
tissue and can be isolated and successfully cryopreserved [49]. 
These stem cells have the potential to be transplanted autol- 
ogously into the testis where they are expected to recolo- 
nize the seminiferous tubules and initiate spermatogenesis. 
Autotransplantation is not recommended in cases where the 
potential for occult metastasis is high. In such situations, 
transplantation of human spermatogonial cells into animals 
can be performed (xeno-transplantation) under experimental 
conditions [50,51]. However, the risk of introducing animal 
infectious retroviruses into the human germ line is a possi- 
bility when these cells are used for conception [52]. Ischemic 
damage to transplanted testicular tissue, in vitro enrichment 
of stem-cell spermatogonia, and noninvasive transfer of germ 
cell suspension into the rete testis are some other challenges 
associated with this technology. 
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Requests for Posthumous Use of Sperm 


In many instances a person who banked his sperm may have 
died and not used the stored specimens for procreation. The key 
question is whether the deceased had consented to the posthu- 
mous use of his sperm before death in an advanced directive, 
a will, or other legal form of consent. The wishes of the per- 
son regarding the disposal of the sperm are legally binding even 
after his death. If the person had given instructions that all such 
material be destroyed or not used after his death, they should 
be honored. Several courts recognize that children born after 
posthumous conception are legal offspring of the deceased only 
if the deceased individual gave clear instructions while he was 
alive that the stored material be used for reproduction after his 
death [13]. 

Another challenge is the increase in the request for posthu- 
mous sperm procurement (PSP) which clearly poses medical, 
legal, and ethical challenges [53]. The first case of PSP occurred 
in 1980 [54]. The first case of a baby born from posthumous 
conception was in 1999 [55]. Sperm are retrieved within 
24—36 hours of death and cryopreserved at a sperm bank until 
it is used. Sperm can be retrieved by epididymal aspiration, 
percutaneous testicular biopsy, and removal of the entire testes. 
There are numerous ethical considerations with PSP including 
questions of informed consent, rights of the deceased, moti- 
vation of the requesting party, and best interest of the child. 
There are strict regulations on postmortem sperm retrieval. PSP 
is illegal in France, Sweden, Canada, Germany, and some states 
in Australia. In the United Kingdom it is illegal to store sperm 
without written permission of the donor [40]. Israel has insti- 
tuted a two-part protocol in which sperm can be retrieved from 
a dead or a dying man, but a court order must be obtained before 
its use for conception [56]. 

There is no governmental regulation of PSP in the United 
States and the ASRM states that request to obtain sperm from 
terminally ill or soon after death need not be honored. It places 
the onus on the individual physicians and the institutional Ethics 
Committee to determine if and when postmortem sperm retrieval 
is appropriate. 

The lack of regulation combined with ethical issues and time 
limitations on procurement, make it challenging for individual 
medical institutions to have a protocol in place to aid the physi- 
cians in this process. Six components of PSP protocol have been 
identified and include (1) standard of evidence, (2) terms of eligi- 
bility, (3) sperm designee, (4) restrictions on use in reproduction, 
(5) logistics, and (6) contraindications. There are two different 
approaches to policy structure: (1) a Limited Role approach, 
where institutions have strict consent requirement and limit their 
involvement to the time of procurement; and (2) the Family- 
Centered approach, where substituted judgment is permitted 
following a mandatory wait period before sperm use. Each insti- 
tution may benefit from considering these six major building 
blocks and see where they fall on this spectrum. 


Sperm Banking in Zika Virus-Affected Areas 


Zika virus (ZIKV) is a mosquito-borne flavivirus transmitted by 
Aedes aegypti mosquitoes. The public health crisis by ZIKV is 
not limited to South and Central America, and it has the potential 
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to spread within the United States [57]. It is sexually transmit- 
ted and 80% of the people infected with ZIKV are asymptom- 
atic [58]. This raises the concern that an asymptomatic man 
may bank infected semen samples for fertility treatment or for 
anonymous donation. Current recommendations do not advise 
testing of semen in asymptomatic men [59]. The risk assessment 
of sexual transmission can be performed with rRT-PCR. It is the 
most widely used test in cases of ZIKV sexual transmission, but 
it is not validated or widely available for testing semen samples. 
In addition, sperm vitrification when used for cryopreservation of 
semen is not efficacious in destroying ZIKV [60,61]. Even after 
sperm washing, studies have demonstrated approximately 396—596 
of patients with undetectable levels of ZIKV in semen. In patients 
who test positive for a blood-borne virus and bank their speci- 
mens, these specimens are quarantined [62]. However, it is dif- 
ficult to institute isolation measures in men who have a travel 
history in the past 2—4 years to an area of active transmission. 

Many sperm banks are unable to screen their samples; there- 
fore, it is unclear what isolation measures can be taken regarding 
any donor who has a travel history to an area of active trans- 
mission to ZIKA-infected areas and whether they should bank 
semen specimens prior to travel. Similarly it is unclear if men 
residing in New York, which currently represents the US state 
with the largest number of confirmed ZIKV cases plan to bank 
their semen samples if the area becomes active. There are three 
sources of infectious viruses: free virons in seminal plasma, 
sperm-associated virions, and infected leukocytes [63]. The risk 
of transmitting ZIKV in ART procedures such as intracytoplas- 
mic semen injection (ICSI) is low, as ICSI reduces the risk by 
largely removing the viral load associated with seminal plasma 
and white blood cells with subsequent washing. This method 
greatly reduces the risk in discordant couples. However, the effec- 
tiveness of these techniques in ZIKV transmission is limited. If 
ZIKV is able to penetrate the blood-testis barrier by its proposed 
tropism for the male genitourinary tract, infection of spermato- 
genic stem cells can be a serious concern. It will be important to 
preclude adherence of replicative ZIKV to the sperm cell surface 
in couples considering ICSI. 


Sperm Banking for Gender Reassignment 


Transsexual women or transwomen is a male-to-female trans- 
sexualism. It is a condition where the male experiences a gender 
identity that is inconsistent with their assigned gender and has a 
strong desire that he should have hormonal, psychological, and 
anatomical characteristics of a woman. The prevalence ranges 
from 1:11,900 to 1:45,000 [64]. These numbers reflect only indi- 
viduals who seek medical assistance and those with access to 
health clinics [65]. A more recent study based on the data in the 
United States estimates that the prevalence of transgenderism at 
0.696 [66]. Transwomen often have a desire to start a family and 
with the availability of assisted reproductive techniques can avail 
sperm banking before hormone-replacement therapy or gender 
reassignment. 

The best time to recommend sperm banking in these patients 
is before they undergo gender reassignment hormone therapy. If 
patients are unable to ejaculate, epididymal and testicular sperm 
aspirates may be used. In case of azoospermia or anejaculation 
due to hormone therapy, testicular sperm harvesting is usually 
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unsuccessful; in such patients orchiectomy and testicular sperm 
harvesting is recommended before undergoing sex reassignment 
surgery. Despite the fact that transgender women can preserve 
their fertility, this number is small. Semen analysis data from 29 
transgender women were reported from two centers; one at the 
Cleveland Clinic and another in Ghent, Center for Reproductive 
Medicine [67]. Poor prefreeze and post-thaw semen quality 
reported among transwomen recommend the use of IVF/ICSI as 
method of ART in these cases. 

A survey of 121 transgender women showed that 77% of 
responders would be very interested in sperm banking [68]. 
Three important factors that limit the access to sperm bank- 
ing are (1) sperm banking is still relatively new, (2) difficulty in 
transwomen's access to medical facilities, and (3) ethical consid- 
erations regarding the use of their frozen spermatozoa in future 
assisted reproduction. An increase was seen in the number of 
transgender sperm bankers relative to cisgender sperm bank- 
ers [69]. The transgender sperm bankers demonstrated lower 
sperm concentration and total motile sperm count, higher inci- 
dence of oligozoospermia and poor post-thaw sperm parameters. 
In addition, a higher cryosensitivity of motility in healthy trans- 
women specimens was observed [69]. The transwomen sperm 
bankers were significantly younger than cismen sperm bankers 
and showed poor sperm parameters. The physicians, however, 
are encouraged to continue to counsel their transgender patients 
regarding sperm banking. 


Sperm Banking in Patients with HIV 


Men who are seropositive for human immunodeficiency virus 
(HIV) and are coinfected with hepatitis C virus (HCV) have 
demonstrated the presence of HIV and HCV in the ejaculate 
and risk sexual transmission [70]. Nested polymerase chain 
reaction (nPCR) is the most sensitive method of detecting HIV 
and HCV [71,72]. Sperm-washing procedures can eliminate the 
viruses from the ejaculate and their absence can be confirmed by 
nPCR. Only those samples that are confirmed negative for HIV 
and HCV are subsequently used in ARTS with a negligible risk 
of transmission. 

In men presenting with severe oligozoospermia, a repeated 
washing and centrifugation has been used with complete 
elimination of viral load after removal of seminal plasma [71]. 
It has been recommended that such patients with HIV should 
be accepted in ART programs when motile sperm are detected 
and molecular viral absence is confirmed. Similarly, in labs 
that are equipped to handle and process HIV-positive samples, 
ART can be offered to azoospermic men with HIV or HCV and 
microsurgically retrieved sperm from testis or epididymis can 
be used [73]. 

According to the Americans with Disabilities Act (1990), 
couples with blood-borne viruses that lead to infectious diseases 
cannot be denied fertility treatment as long as there is no direct 
threat to the health and safety of others. Three types of infectious 
patients are discussed in context of fertility treatment: those with 
immunodeficiency virus (HIV), HCV, or hepatitis B. Seventy- 
five percent of men and women with HCV and HIV are in their 
reproductive years. Aside from legal and ethical questions, the 
andrologists and clinical embryologists are faced with the ques- 
tion of the laboratory protocols that are safe and can be used 
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when working with gametes and embryos from patients with 
infectious diseases. The serostatus of the patient dictates appro- 
priate treatments. With minor modifications in the protocols, 
infectious patients with stable disease status and low viral loads 
can be accommodated [74]. 

No association of HIV with motile sperm collected by gradient 
sperm followed by swim-up was reported [75,76]. Both immuno- 
histochemical and nPCR did not detect HIV associated with the 
sperm. HIV receptors CD4, CXCR4, and CCRS involved in HIV 
infection of leukocytes are not found on the sperm surface [77]. 
Leukocytes in semen are the main mode of HIV infection [78]. 

Detailed safety precautions to be exercised in handling 
virus-positive males or females with HIV infection undergoing 
ART procedures were described in detail by Jindal et al. [74]. 
The goal of processing semen samples infected with HIV was 
to reduce the viral load that can be measured in the final sample 
by PCR. Special washing include an additional swim-up step 
of sperm from the pellet obtained by density gradient. In none 
of the ART procedures using these special washing procedures 
has there been a seroconversion of the female partner or babies 
born [78-80]. Semen parameters are analyzed according to the 
World Health Organization (WHO) 1999 guidelines. For safety 
reasons, and since sperm are only used with IVF/ICSI, sperm 
morphology is not necessary. 

The initial semen sample is washed 1:1 (vol/vol) with sperm 
wash medium, the supernatant is discarded and the pellet resus- 
pended to its original volume [70]. For semen samples with sperm 
concentration >2 x 10° total progressively motile sperm in the 
semen sample, sperm wash is done by layering on a three-layer 
density gradient (90%, 70%, and 60%, respectively). The pel- 
let is washed in 5 mL of the sperm medium and repelleted. 
Supernatant is discarded and a swim-up of 0.5-1.5 mL is done. 
After 45 minutes the upper 0.35 mL of each tube are obtained 
and pooled. One-half of the sample is submerged immediately 
in LN, for PCR determination and the other half combined with 
sperm-freezing medium and frozen until use after the sample is 
tested negative for a viral presence [72]. For oligozoospermic 
samples, sperm preparation is done by simple wash and resus- 
pend method after completely removing the seminal plasma. 

Patients who freeze autologous sperm are tested for infec- 
tious disease status. Sperm can be safely stored onsite if stored 
in heat-sealed and leak-proof CBS High-Security straws. If no 
CBS straws are available, samples can be accepted for long-term 
storage facility. They are frozen in regular cryovials and stored 
in a quarantined tank until moved offsite. The tanks are de con- 
taminated with 1% bleach. 

For testing viral load, after extraction of the nucleic acids 
according to the manufacturer instructions, two extractions 
are done in parallel, one from the spermatozoa sample and 
the other from the spermatozoa sample after adding HIV 
RNA obtained from HIV-infected plasma to detect presence 
of transcription factor or amplification inhibitors after nucleic 
acid extraction procedure. PCT, nPCR, and AMPLICOR 
HIV-1 MONITOR test are highly sensitive and can detect any 
viral residue [81,82]. 

Cryopreservation allows for the PCR to be rerun if positive or 
negative controls fail on the day of the testing [81]. Viral load in 
the sample should be undetectable. Samples that are tested posi- 
tive are discarded and not used for ICSI procedure. 
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Protocol for Banking Ejaculated Sperm 


Ejaculated semen can be obtained in a number of ways for sperm 
cryopreservation. The accepted and common method for semen 
sample collection is masturbation. When this method is not pos- 
sible to be performed, there are other noninvasive and invasive 
techniques to aid in the collection process. While penile vibra- 
tory stimulation is the simplest of the special techniques, more 
invasive techniques include electroejaculation to restore the 
ejaculatory reflex or surgery to retrieve sperm from epididymal 
sperm aspirations and TESEs. In this section the primary focus 
is on the cryopreservation of semen collected by masturbation 
using a slow freezing method. 

Semen samples for cryopreservation should be collected, 
except when treatment has to be started right away, with a recom- 
mendation for 2—7 days abstinence before collection as suggested 
by the WHO (2010). Ideally, samples collected in this period 
will result in favorable values in semen volume, sperm concen- 
tration, total sperm count, and sperm DNA fragmentation. It is 
important that patients collect their semen sample into a sterile, 
contaminant-free, wide-mouth container without the aid of saliva 
and lubricants other than those supplied by the laboratory. 

In our institution, when the semen sample undergoes its stan- 
dard liquefaction period, a frozen vial of test-yolk buffer (TYB) 
is thawed before use in the manual slow-freezing technique. 
This test-yolk buffer with gentamicin contains a combination of 
TES (N-Tris [hydroxymethyl] methyl-2-aminoethane sulfonic 
acid), Tris ([hydroxymethyl] amino methane), with egg yolk 
and dextrose. This widely accepted cryoprotectant has a higher 
longevity and stabilizes the sperm by altering the phospholipid- 
to-cholesterol ratio. It also effectively results in a higher recovery 
of motile sperm with an increased capacitation and likelihood 
of sperm penetration. TYB with gentamicin works to increase 
these sperm abilities by reducing the damage caused by reactive 
oxygen species (ROS). 

Once the sample has liquefied (Figure 17.1), it will undergo 
a macroscopic examination where appearance, volume, viscos- 
ity, and pH will be assessed followed by a microscopic analy- 
sis with a computer assisted semen analyzer (CASA) for sperm 
concentration, motility, velocity, and linearity prior to the addi- 
tion of TYB. After all precryopreservation sperm parameters are 
assessed, a TYB aliquot equal to 2596 of the original volume of 
specimen is added to the semen sample using sterile technique. 
The specimen and TYB combination should be placed on a test 
tube rocker (Figure 17.2) for 5 minutes to ensure that the sample 
is gently mixed. The process of adding a 25% aliquot of TYB, 
followed by gentle mixing should be repeated three more times 
so that the total volume of TYB added over the four different 
aliquots equals that of the original semen sample (Figure 17.3). 

After the required amount of TYB is added and gently mixed, 
a small amount of the cryodiluted sample should be microscopi- 
cally examined in a fixed cell chamber with a phase contrast 
microscope to assess the percent motility of the sperm before 
cryopreservation. The remaining amount of cryodiluted sample 
should be equally aliquoted into patient specific cryovials using 
sterile technique (Figure 17.4). An extra cryovial for testing 
the post-thaw motility is also included with each sample that is 
frozen. 
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FIGURE 17.2 


Exposure to freezing conditions must occur within 1.5 hours 
of the specimen collection. Immediately after the cryodiluted 
semen sample is equally aliquoted into cryovials, the vials must 
then be placed upright into cryocanes (Figure 17.5). The cryo- 
canes should also be patient specific and only contain up to two 
cryovials. The upright cryocanes should be covered with a cryo- 
sleeve and placed in a —20°C freezer for a period of 8 minutes 
(Figure 17.6). After this period, the cryocanes with the cryovi- 
als should be kept upright and placed into a LN, vapor tank at 
—80?C for at least 2 hours (Figure 17.7). Next, the cryocanes 
and vials should be flipped and immersed into the liquid nitrogen 
(-196°C). Following 24 hours of storage in the liquid nitrogen, 
the extra cryovial will be ready for the post-thaw testing. 
The cryovial should be removed and placed into an incubator 


Incubate at 37*C for 20 minutes to liquefy 
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Incubator set at 37?C showing the semen sample collected for liquefaction. 


Sample rocked on a test tube rocker for 5 min after the addition of test-yolk buffer. 


at 37?C for 20 minutes to thaw. The vial should be mixed well 
prior to the microscopic analysis using a fixed cell chamber and 
a CASA, as discussed before (Figure 17.8). During this post-thaw 
step of testing, the cryodiluted thawed sample will be assessed 
for count, motility, curvilinear velocity, linearity, and amplitude 
of lateral head movement (Figure 17.9). 

Cryosurvival can also be assessed by taking the percentage 
of motility of the post-thaw specimen and dividing it by the per- 
centage of motility of the prefreeze specimen. The total motile 
sperm value will help determine the number of inseminations in 
each bank. Total motile sperm numbers less than 3.75M would be 
considered as 0 inseminations, 3.75—7.49M would be 0.25 insem- 
inations, 7.5M—7.49M is 0.5 inseminations, and finally anything 
between 15M and 20M is considered to be 1 insemination. 


Sperm Banking 


#: 123456 


t 
EZERRE, OQ EE 


Patient: J. Q. Public 
Patient: J. Q. Public 


| pti: 123456 
MEAE — — 


173 


Patient: J. Q. Public 
pti: 123456 


— 


Patient: J. Q. Public 
pti: 123456 


FIGURE 17.3 Step-wise addition of test-yolk buffer to patient sample. Volume of test-yolk buffer equal to !4 volume of patient sample is added four times, 


or until total volume in the test tube has doubled. 
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FIGURE 17.4 Even distribution of cryodiluted patient sample into cryovials using a sterile serological pipette. 


O 
Sperm Banking Using Novel Sperm 
Banking NextGen Kit? 


Sperm cryopreservation has its limitations. Between time-sensitive 
parameters, clinical diagnoses, and finding a local sperm bank, 
semen cryopreservation for patients can be extremely stressful. 
It also does not help in situations where many patients may feel 


embarrassed or uncomfortable collecting a semen sample in a lab- 
oratory or hospital setting. Traveling to other cities or neighboring 
states for sperm banking creates further stress. To alleviate some 
of these situations, a home sperm collection kit, called NextGen®, 
is available. This kit has been developed by the Andrology lab at 
the Cleveland Clinic (Figure 17.10) and allows men to collect their 
semen samples in the comfort of their own homes and ship it over- 
night to the laboratory for testing and storage. 
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FIGURE 17.5 Proper placement of cryovials into cryocanes. 


FIGURE 17.6 Cryovials, with cryocanes and cryosleeves, placed upright 
in —20°C freezer for 8 minutes. 


The NextGen? kit uses refrigeration medium, a cooling sleeve, 
and ice packs (Figure 17.11) to help maintain semen parameters 
during the shipping process. Similar cryosurvival rates were seen 
between samples collected onsite in infertile men (53.14 + 28.9% 
vs. 61.90 + 20.4696; p = 0.51) (Figure 17.12). Similar cryosurvival 
rates were seen in patients with cancer between NextGen? com- 
pared with onsite collection (52.71 + 20.37% vs. 58.90 + 22.68%; 
p = 0.46) (Figure 17.13). As long as the sperm motility is ade- 
quate, these shipped-overnight and cryopreserved semen sam- 
ples can be used for a number of ARTS. Patients with cancer can 
therefore bank their sperm as effectively as men banking for 
infertility reasons using the NextGen? kit. 
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FIGURE 17.7 Loading cryocanes and cryovials upright into the cryotank 
canister. 


| > 
Guide to the Number of Ejaculates 
Stored for Sperm Banking 


Sperm quality in patients with cancer (before freezing 
and after thawing) is generally worse than those of healthy 
donors [83,84]. Patients with prostate cancer show the best 
prefreeze total motile count (TMC; 155.1 x 10%), whereas 
lymphoid leukemia shows the worst (26.8 x 10%). Of all the 
semen parameters, compared with the controls, motility was 
most affected in patients with cancer (<5 x 10% TMC). Sperm 
quality also depends on the abstinence time between semen 
collections. When the cancer treatment is urgent, the normal 
abstinence time can be reduced from 2 to 5 days to a more 
frequent collection schedule. Agarwal et al. (2016) demon- 
strated that a shorter abstinence of 24 to <48 hours resulted 
in a comparable result in post-thaw quality to that of after an 
abstinence of 48 to x72 hours or longer [85]. 

The number of samples that can be frozen is determined by 
the quality of sperm and depends on the health of the individ- 
ual and the type of cancer [86]. Sperm quality will determine 
the number of vials cryopreserved and the type of ART pro- 
cedure that will be required to achieve a pregnancy. As a rule 
of thumb, given a 5096 cryosurvival from conventional cryo- 
preservation, many laboratories would consider a post-thaw 
motile sperm count of 10 million necessary to obtain approxi- 
mately 5 million sperm after thawing and this number is ade- 
quate for intrauterine injection (IUI) [87-89]. This would be 
the ideal number of sperm frozen per vial so that each vial 
could be used with each subsequent IUI. Patients with can- 
cer have worse parameters, so this must be taken into con- 
sideration for the post-thaw total motile count for IUI [84]. 
A similar number (>5 x 10% TMC) is needed to freeze for 
conventional IVF. If the sperm count or other parameters are 
lower than this, the samples can be aliquoted into a number of 
vials to be used for ICSI. 
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FIGURE 17.8 Loading the sperm counting chamber into the load tray of CASA. 
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FIGURE 17.9 CASA view showing the screen view setting for sperm motion parameters. 


Factors Affecting Post-Thaw Sperm Quality 


The slow freezing method of cryopreservation does have its 
share of poor outcomes when it comes to post-thaw motion 
parameters. While inexperienced laboratory staff and the abil- 
ity to reproduce the procedure of the slow-freezing method may 
contribute to poor post-thaw sperm quality, the most common 
factor affecting thawed sperm quality is cryopreservation dam- 
age. Cryopreservation results in poor post-thaw motility and is 
attributed largely to cryoinjury due to a number of different fac- 
tors. Some of these are osmotic shock, cold shock, intracellular 
ice crystal formation, excessive production of ROS, alteration in 


the antioxidant defense system, alteration in acrosome status, and 
increased sperm DNA damage [90—92]. The imbalance between 
the production of ROS and sperm antioxidant activity is the main 
cause of cryodamage to the sperm. 


Methods to Improve Sperm 
Quality After Post-Thaw 
Many investigators have examined the role of adding antioxi- 


dants in the freezing media to reduce the negative effects of ROS 
on spermatozoa [93—95]. Mitochondria-targeted antioxidant 
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FIGURE 17.10 General view of the NextGen kit optimized for overnight 
shipping of semen samples. 


FIGURE 17.11 The inside components if the NextGen kit comprising of 
refrigeration media. (a) collection cup; (b) cooling sleeve; (c) foam insert; (d) 
ice pack; (e) ice brick; and (f) NextGen box. 


MitoTEMPO is a novel cell permeable ROS scavenger and has 
been reported to improve the post-thaw sperm quality and anti- 
oxidant enzymes profile. Lu et al. (2018) showed that addition 
of MitoTEMPO (5-50 uM) significantly improved post-thaw 
sperm motility, viability, membrane integrity, and mitochondrial 
membrane potential (p « 0.05) [96]. Furthermore, these authors 
showed that antioxidant enzyme activities were reported to be 
enhanced and MDA content were decreased in the group supple- 
mented with MitoTEMPO [96]. 

Several prefreeze parameters including strict morphology cri- 
teria [97], higher sperm concentration, and prefreeze motility or 
shorter abstinence time were associated with increased sperm- 
recovery rate [98—100]. It appears that the post-thaw recovery is 
also associated with basal semen quality, but these studies used 
only a single parameter to predict the post-thaw outcome without 
combining the different semen parameters. In a recent report, 
Jiang et al. [101] created a model that included CASA param- 
eters. They noted that progressive motility, straight-line velocity, 
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FIGURE 17.12 Differences in semen parameters between offsite and 
onsite groups in infertile patients. (a) Difference between prefreeze and 
post-thaw percentage of motility; (b) difference between prefreeze and post- 
thaw total motile sperm; (c) percentage of cryosurvival (n = 7 offsite and 
n= 10 onsite collections). 


and average path velocity when included in the regression model 
significantly increased the area under curve of the receiver oper- 
ating characteristic curve when compared with other parameters. 
Patients were categorized into poor freezability and good freez- 
ability groups based on the model used to assess the freezability. 
In the second stage, samples that satisfied the new model were 
examined. The rate of good freezability increased significantly 
from 67% to 94% (p = 0.003). 


Sperm Vitrification 


Conventional freezing with cryoprotectants leads to mechanical 
injury as a result of ice crystal formation and osmotic shock as 
a result of cell shrinkage. Furthermore, rewarming and thaw- 
ing results in further reduction in sperm viability and a drop in 
motility [102,103]. Motility is further reduced because of the 
production of ROS, lipid peroxidation (LPO), and membrane 
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FIGURE 17.13 Differences in semen parameters between offsite and 
onsite groups in patients with cancer. (a) Difference between prefreeze 
and post-thaw percentage of motility; (b) difference between prefreeze and 
post-thaw total motile sperm; (c) percentage of cryosurvival (n — 7 offsite; 
n= 10 onsite collections). 


damage due to addition of permeable cryoprotectants [104—108]. 
Extensive damage occurs during thawing due to diminished anti- 
oxidant defense activity during cooling. Addition of permeable 
cryoprotectants helps overcome the formation of intracellular ice 
formation, but this can be accomplished only by low cooling rate, 
which by itself can be damaging. 

Vitrification is a technique based on the ultrarapid freezing of 
cells by directly immersing in liquid nitrogen. Therefore, there 
is no formation of ice crystals in this technique. Unlike vitrifi- 
cation in oocytes and embryos, vitrification of spermatozoa is 
challenging due to the unique properties of the spermatozoa. 
A superior preservation of motility and viability is seen in sperm 
preserved by vitrification when compared to standard slow freez- 
ing. Spermatozoa are osmotically fragile, use of high concentra- 
tion of permeable cryoprotectants is toxic and also potentially 
mutagenic [109]. Samples can be processed by swim-up or other 
methods and loaded onto straws or cryoloops and immersed 
in LN,. Cryoprotectant-free vitrification can be accomplished 
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by using high cooling rates by directly plunging samples into 
LN,, ~720,000 K/min and increasing the surface area for heat 
exchange using extremely small sample volume [110]. 

Sperm can be stored during vitrification using cryoloop, drop- 
let, open straws, and open pulled straws. Open pulled straws are 
preferred and capillaries of standard diameter have been used to 
standardize the amount of volume used. Open straws can be con- 
verted into a closed system by placing the straw inside another 
straw. Open pulled straws are preferred for vitrification as they 
prevent contamination from LN, [111]. High motility, membrane 
potential, low DNA fragmentation, high membrane integrity, and 
well-preserved acrosome with low cryo-induced capacitation 
have been reported in vitrified sperm compared to those after 
standard freezing [112-114]. After warming, sperm motility and 
sperm membrane function better preserved at 42°C than at 38°C, 
40°C, and 42°C [115]. 

Seminal plasma is a rich source of fructose, the main 
energy source, and zinc, the main contributor to maintain- 
ing the sperm membrane integrity during cryopreservation. 
They may therefore help in improving post-thaw motility and 
DNA integrity [116,117]. However, use of seminal fluid during 
cryopreservation is controversial because of the high levels of 
ROS in seminal fluid from spermatozoa and seminal leukocytes 
that result in oxidative stress [118,119]. Patients with high oxida- 
tive stress may not benefit from using seminal fluid during cryo- 
preservation and vitrification. 

A recent study compared the use of seminal fluid and vitrifica- 
tion with vitrification using HTF supplemented with 576 HSA and 
artificial seminal fluid [120]. Motility, morphology, and viability 
was examined and scanning and transmission electron micros- 
copy done to examine acrosome damage, plasma membrane loss, 
chromatin vacuolization, and disruption of mitochondrial struc- 
ture. Superior preservation of sperm motility was achieved in vit- 
rification using artificial seminal fluid compared to vitrification 
in HTF and seminal fluid [120]. 


Vitrification Aseptic Technique 


Sperm sample prepared by swim-up can be aliquoted to 
15 x 106 sperm and resuspended in vitrification solution 
(0.25 M sucrose in HTF medium supplemented with 1% HTF). 
Sterile 0.25-mL straws are used to fill with 100 uL of sperm 
suspension and placed in 0.5-mL plastic straws hermetically 
sealed at both ends and plunged into LN,. No difference was 
observed after storage of straws at —80°C versus —196°C up to 
60 days [121]. Progressive motility, integrity of mitochondrial 
membrane, and sperm DNA fragmentation was comparable in 
sperm vitrified at -80?C or at —196°C. Results have shown that 
complete elimination of LN, is possible, as it does not require 
permeable cryoprotectants unlike conventional freezing. 
Furthermore, high spermatozoa motility can be achieved [122]. 
Using spermatozoa cryopreserved by vitrification resulting in 
pregnancies and healthy babies has been reported after intra- 
uterine insemination [123], and assisted reproduction with ICSI 
resulting in the births of two healthy baby girls [124]. 
Vitrification is a simple, effective, quick, and cost-effective 
method to obtain a high recovery of motile spermatozoa and 
does not require the need of permeable cryoprotectants and pro- 
grammable conventional freezing. By eliminating the need to 
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store cryopreserved spermatozoa, it results in further reduction 
in cost, time, storage, and safety of the operator. 


e] 
Cryostorage of Immature 
and Mature Testis Tissue 


Although ICSI using frozen sperm has revolutionized infertility 
treatment, it is not applicable in prepubertal boys since spermato- 
genesis has not begun. In such cases preserving spermatogonial 
stem cells (SSCs) can be recommended to prepubertal patients 
diagnosed with cancer and who are at a risk of losing their 
SSCs or are at a risk of developmental genetic disorders [125]. 
The technique of autotransplantation of SSCs in testicular tissue 
has shown promising results in animals and nonhuman primates. 
However, cryopreserving the testicular tissue containing SSCs is 
the first step in translating SSCs-based cell therapy into clinical 
practice, and it is important to evaluate their quantity and func- 
tionality as a translational therapy. 

A variety of patients such as cancer survivors, those with 
idiopathic nonobstructive azoospermia, as well as those with 
Klinefelter syndrome can benefit from regenerative treat- 
ments such as SSC technology either in vivo or in vitro groups. 
Morphological evaluation using light microscopy, transmission 
electron microscopy, and immunohistochemistry have been used 
to assess the presence and the integrity of SSCs before and after 
cryopreservation. Xenografting the tissue and transplanting the 
cells retrogradely has been done to evaluate the presence and 
function in these cells. Experimental protocol for cryopreserva- 
tion of human testicular tissues from boys recently diagnosed 
with cancer has been developed [126]. Another protocol has 
been introduced [127] for testicular tissue banking by collect- 
ing biopsies from both testis of prepubertal boys diagnosed with 
cancer or undescended testicles. While experimental testicular 
tissue banking is an option for future fertility applications in 
humans, two recent articles have reported the in vitro germ cell 
differentiation using cryopreserved testicular tissue [128,129]. 
Overall, data suggests that frozen testicular tissue can be used 
in the future for fertility preservation including two- or three- 
dimensional (2-D, 3-D) in vitro spermatogenesis ex vivo differ- 
entiation and xenografting [125]. 


Utilization of Frozen Sperm in ART 


Cryopreserved sperm can be used for ART. Success rates using 
cryopreserved sperm and ART (IVF and ICSI) are comparable to 
those of fresh semen, with an average pregnancy rate of 54% with 
a range of 33%-—73% [39]. Kelleher et al. reported 29 pregnancies 
with frozen sperm from 64 men from 85 ART cycles [44]. Harovitz 
et al. reported a pregnancy rate of 56.8% in 118 male cancer 
survivors undergoing 116 IVF-ICSI cycles [130]. Schmidt et al. 
reported a clinical pregnancy rate of 38.6% following ICSI [131]. 
Pregnancy rates of up to 57% have been reported [132] with a live 
birth rate of 62.196 in a cohort of 272 men with cancer [133]. In a 
recent study, Muller et al. [134], reported that of the 898 patients 
who cryopreserved their semen, only 96 (10.796) patients actually 
used their sperm for ART. This low rate might be due to patient 
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survival, restored fertility, no desire for paternity, or a completed 
family. In this study, Muller et al. also reported 77% of patients 
achieving parenthood using any method of assisted reproduction. 
They also reported a higher live birth rate per IVF cycle of 29% 
versus an average of <20% in previous studies. 

Use of fresh and frozen testicular sperm with ICSI has resulted 
in comparable pregnancy results in patients with nonobstruc- 
tive azoospermia (NOA) [135,136]. Comparing microdissec- 
tion TESE from standard TESE, a mean success rate of 52% 
is reported [137,138]. Overall success rates with mTESE varies 
between 47% and 66% [139—144]. 

A recent systematic review of literature included 30 studies 
and 11,798 patients. The study reported aggregate rate of use 
of cryopreserved sperm as 8% (95% confidence interval [CI] 
896—896). The aggregated rate of patients who used frozen sperm 
to achieve parenthood was 49% (95% CI 44%-53%). The rate of 
men banking their semen and subsequently achieving pregnancy 
with frozen sperm was calculated to be 3.9%. 


| —— — — .  —.  . . 
Challenges and Future Directions 
for Fertility Preservation 


According to the latest ESHRE-ASRM Expert Update on fertil- 
ity preservation (2017), semen cryopreservation is the only estab- 
lished method of fertility preservation in men diagnosed with 
cancer. Both oncological (various forms of cancer) and nononco- 
logical conditions such as autoimmune disease (systemic lupus), 
male genetic disorders such as Klinefelter syndrome, or condi- 
tions associated with hypogonadism and azoospermia, testicular 
damage, and gender reassignment procedures can benefit from 
fertility preservation. Testicular tissue cryopreservation can be 
offered under institutional review board guidelines as an experi- 
mental procedure in prepubertal boys, because fertility restora- 
tion strategies by autotransplantation of cryopreserved testicular 
tissue have not been tested for safe clinical use for humans. 

In vitro spermatogenesis might help overcome the risk of 
reintroducing malignant cells via the graft. Whole testis or 
Sertoli cell cultures from whole testis or testicular biopsy cul- 
tured in 3-D systems [132] resembling the in vivo situation has 
been reported. Genetic stability of long-term culture of human 
SSCs from two patients with cancer have been reported [145]. 
Fertility restoration strategies using autotransplantation of cryo- 
preserved testicular tissue have not been tested for safe clinical 
use in humans [132]. Establishing international registries on 
the short- and long-term outcomes of fertility preservation have 
been strongly recommended. There is a strong need for high- 
quality studies examining the long-term outcomes of fertility 
preservation. 


Conclusions 


Sperm banking is a noninvasive procedure and the best assur- 
ance for fertility preservation. Sperm cryopreservation coun- 
seling needs to be provided to adult and postpubertal cancer 
patients as well as men with fertility issues seeking sperm bank- 
ing options. It is important that patients with cancer who are 
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about to start treatment are counseled about the side effects of 
the treatment and are given adequate information to allow them 
to make an informed decision about sperm banking before they 
start cancer treatment. Options are available for individuals to 
ship their samples using home sperm banking kits where sperm 
bank facilities are not available. Sperm banking is effective 
when used with ART. Efforts to increase the post-thaw qual- 
ity of sperm and increasing the accessibility of sperm banking 
to patients while overcoming the legal and ethical issues is an 
ongoing effort. 
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Intrauterine Insemination with Homologous Sperm 


Willem Ombelet 


Introduction 


Infertility is a universal health issue and it has been estimated 
that 8% to 12% of the couples worldwide are infertile with 9% 
currently cited as the probable global average, remarkably simi- 
lar between more- and less-developed countries, although the 
reasons for infertility differ [1]. 

Assisted reproductive techniques (ART) are considered as an 
established therapy for the treatment of infertility in a multitude 
of clinical conditions. It embraces a wide scope of techniques of 
which intrauterine insemination (LUI), in vitro fertilization (IVF), 
and intracytoplasmic sperm injection (ICSI) are most popular. 

The first publication of a randomized clinical trial of IUI was 
conducted in 1984 by Kerin et al. [2]. This trial included men 
with poor semen quality and compared the effectiveness of arti- 
ficial insemination by husband (AIH) on the day of the lutein- 
izing hormone (LH) surge with intercourse, in which timing was 
based on the basal body temperature and to intercourse in which 
timing was based on the LH surge. AIH was significantly more 
successful than the two other treatment policies. 

Nevertheless, the use of AIH as a firstline treatment in 
case of unexplained and mild or moderate male infertility 
remainedcontroversial until very recently. This was caused by a 
lack of prospective randomized trials and large prospective cohort 
studies as a result of the low budget linked to artificial insemina- 
tion when compared to the budget associated with other methods 
of assisted reproduction such as IVF and ICSI. Therefore, large 
multicenter trials organized by the pharmaceutical industry are 
not available in the AIH scene, for obvious reasons. 

To find out which couples can benefit from AIH in case of male 
infertility we need to investigate the power of different semen 
parameters in predicting success after AIH. Huge differences in 
methodology in SA worldwide make it difficult to draw some 
conclusions although the World Health Organization (WHO) 
tried to standardize the performances of SA and related proce- 
dures to reduce variation in the results obtained. Nevertheless, a 
literature search on this topic is still frustrating due to the ongo- 
ing lack of standardization in interpretation of semen results. 
Based on the results of an ESHRE Capri workshop in 2009 AIH 
was considered to be a poor substitute for IVF and responsible for 
a significant rate of high-order multiple births. The recommen- 
dations were made in the absence of proper trials and live-birth 
data were not available [3]. In that specific paper it was not men- 
tioned that the high rate of multiple pregnancies was mostly seen 
outside Europe and due to the use of high doses of gonadotropins 
for ovarian stimulation, especially in the United States. 


The National Institute for Health and Care Excellence (NICE) 
guidelines [4] recommended that AIH should not be used in case of 
unexplained and moderate male subfertility. Expected management 
was recommended as the first-line option, and according to these 
guidelines, AIH has a very limited value in infertility care. It is well 
known that the NICE guidelines were being constructed by using 
the data of a few studies with obvious shortcomings and not taking 
into account the Human Fertilisation and Embryology Authority 
(HFEA) data showing a UK average pregnancy rate of 13% per 
cycle for AIH in 2011 and 2012 [5-8]. Despite the guidelines, sur- 
veys performed in the UK showed that 9676 of fertility clinics con- 
tinued to offer AIH—despite the NICE recommendations [9,10]. 

Since then, a number of excellent randomized trials have been 
published supporting the value of AIH in unexplained and mild 
and moderate male subfertility cases. In a multicenter random- 
ized noninferiority trial in the Netherlands, the effectiveness of 
IVF with single embryo transfer or IVF in a modified natural 
cycle was compared with the effectiveness of AIH-OS (ovar- 
ian stimulation) with a healthy live birth as the main outcome 
parameter [11]. AIH-OS seemed to be non-inferior compared to 
the two alternative strategies of IVF, with a reasonably and com- 
parable low multiple birth rate. Investigating the direct healthcare 
costs in the same cohort of patients IUI turned out to be the most 
cost-effective strategy for heterosexual couples with mild male- 
factor or unexplained infertility with a poor prognosis of becom- 
ing pregnant through normal coitus [12]. Farquhar et al. [13] 
published the results of a randomized controlled trial (RCT) in 
which 201 couples with 3—4 years unexplained infertility were 
randomized to receive three cycles of AIH or expectant manage- 
ment. A live-birth rate of 31% with AIH and 9% with expectant 
management was observed, a threefold difference in outcome. 

AIH is a safe and easy treatment with minimal risks and moni- 
toring with a reasonable success rate within three or four cycles. 
It is associated with reduced psychological burden, and the cou- 
ple compliance is usually excellent resulting in a low drop-out 
rate. In addition, the risk of ovarian hyperstimulation syndrome 
(OHSS) is reduced and the rate of multiple pregnancies is accept- 
able when performed in natural cycles or after using clomiphene 
citrate or low-dose human menopausal gonadotropin (hMG) 
stimulation protocols. According to the literature it is obvious 
that we are overusing IVF to treat unexplained and moderate 
male infertility. Anno 2019 evidence-based data clearly indicate 
that promoting IVF and ICSI to result in pregnancy “as quick as 
possible” ignores the advantages of AIH completely in case of 
mild or moderate male-factor infertility. 
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When to Start AIH 


To be able to make adequate and reliable predictions of sponta- 
neous pregnancies in a subfertile population, formal prediction 
models, in which the contribution of each factor is quantified, 
were developed. Almost 10 prediction models for spontaneous 
pregnancy have been developed, but only 1 model has been 
validated in an external population [14]. This validated model 
predicts accurately the chances of a treatment-independent 
pregnancy among subfertile ovulatory couples. The prognostic 
variables in this model are female age, duration of subfertility, 
obstetric history, referral by general practitioner or another gyne- 
cologist, and percentage of progressive motile sperm. This model 
can be used by computer with the following URL: http:// www. 
freya.nl/probability.php. If the model predicts a low treatment- 
independent pregnancy chance, AIH can be considered. There is 
only one AIH prediction model that has been externally validated 
and has shown to be accurate [15]. The prognostic variables in 
this model are female age, duration of subfertility, diagnosis (cer- 
vical factor, male-factor or unexplained subfertility), pathology 
(tubal, uterine, or endometriosis), the use and kind of ovarian 
hyperstimulation, and cycle number. 

It is essential to identify those couples that will benefit from 
AIH and those who will not. At present there is no randomized 
clinical trial to determine the exact cutoff point for the progno- 
sis to start AIH or not. There is an urgent need for randomized 


Timing of IUI Number IUIs 


O Basal Body Temp (BBT) a1 
Q LH (Urine, serum) Q2 
Q Ultrasound (US) 


IUI Sample 
Q Fresh semen 

Q Split ejaculate 

O Different volumes 

Q Washed semen +/- 

Q Follicular Fluid (FF) 

Q Antioxidants 

Q Platelet Activity Factor (PAF) 


Semen preparation 


Q Swim up 

Q Albumin 

Q Percoll 

Q Mini-percoll 

Q Glass wool filtration 
Q Sephadez separation 
Q others 


FIGURE 18.1 


Luteal support 


Q hCG 
Q Progesterone 
O None 


Male Infertility in Reproductive Medicine 


clinical trials on the effectiveness of ATH in couples with a poor 
prognosis or male subfertility. 


Factors Influencing AIH Outcome 


Figure 18.1 gives an overview of possible factors influencing the 
success rate after AIH. 
We will discuss some of the most important factors. 


Male and Female Age 


Semen parameters start to decline after 35 years of age. Increased 
male age seems to be associated with a decline in semen vol- 
ume, sperm motility, and sperm morphology but not with sperm 
concentration [16]. Contrary to female fertility, male fertility is 
maintained until very late in life. Age-dependent decrease of 
fertility in couples is usually attributed to female aging, which 
makes studies on a male age effect difficult. In addition to female 
age, other confounders such as reduced coital frequency and an 
increasing incidence of erectile dysfunction may play an impor- 
tant role as well. However, a synergistic adverse effect of paternal 
age is observed with increasing female age. 

On the other hand, DNA fragmentation increases with male 
age, leading to a lower probability of successful fertilization and 
healthy offspring. 


Site of insemination 


Q Intrauterine (IUI) 

Q Intracervical (ICI) 

Q Intraperitoneal (IPI) 
Q Cap insemination 
A Transcervical / intrafallopian (ITI) 


Patient preparation 


a Natural cycle 

Q Ovarian stimulation 
acc-hcG 

Q (CC) - hMG - hCG 

a hMG/rec FSH - hCG 

DO GnRH - hMG (rec FSH) - hCG 


Patient selection 


Q Oligozoospermia (O) 
Q Asthenozoospermia (A) 

u Teratozoospermia (T) 

a (O)(A)(T) 

A Immunologic male subfertility 
Q Unexplained 
Q Endometriosis 


Different factors influencing artificial insemination by husband (AIH) outcome. hCG, human chorionic gonadotropin; CC, clomiphene 


citrate; hMG, human menopausal gonadotropin; rec FSH, recombinant follicle-stimulating hormone; GnRH agonist, gonadotropin-releasing hormone 


agonist. 


Intrauterine Insemination with Homologous Sperm 


The more invasive the treatment, the less important male age 
appears: success rates of IVF or ICSI are not affected by male age. 
On the other hand, the success rate of AIH is affected by male 
age, probably because AIH requires sperm of much higher qual- 
ity compared to IVF and ICSI [16,17]. According to the actual 
literature, paternal age has no impact on AIH success rates as 
long as the female partner is younger than 35 years (Figure 18.1). 

When the female partner is older than 35 years a synergis- 
tic adverse effect seems to exist beyond a male age older than 
35 years. Oxidative stress-induced mitochondrial DNA (mtDNA) 
damage and nuclear DNA (nDNA) damage in aging men may put 
them at a higher risk for transmitting multiple genetic and chro- 
mosomal defects [18]. 

According to the existing literature, female age is the most 
important factor influencing the likelihood of pregnancy in AIH. 
Ongoing cumulative pregnancy rates per couple differ from 
38.5% in women younger than age 30 to 12.5% in women older 
than 40 years [19]. 


Female BMI 


The value of obesity as a predictor of AIH outcome is contro- 
versial. Wang et al. reported an unusual positive association 
between body mass index (BMI) or overweight and fecundity 
in an infertile population receiving AIH with controlled ovar- 
ian hyperstimulation (COH) [20]. Other authors did not find 
any significant influence of BMI on AIH results [21-23]. Aydin 
et al. [24] reported a negative effect of an increasing BMI. These 
conflicting results may be related to methodological discrep- 
ancies in the different studies such as the type of treatment, 
incompletely characterized or unstratified patient heterogeneity, 
inconsistent definitions of obesity, etc. 

In Genk, we performed a prospective cohort study investigat- 
ing data from 1,401 AIH cycles, with the primary outcome being 
clinical pregnancy rate (CPR) [25]. Using the univariate statisti- 
cal analysis, a low BMI («20) was associated with a low preg- 
nancy rate, and no significant association was found with female 
BMI in a multivariate analysis. Nevertheless, weight loss should 
be advised to obese women before starting AIH to prevent the 
obstetrical and fetal problems associated with a high prepreg- 
nancy BMI. 


Semen Quality 


There is a worldwide lack of standardization in interpretation of 
semen samples. Consequently, the value of semen parameters in 
predicting IUI outcome is difficult to interpret when reviewing 
the literature despite the existence of the WHO manuals and var- 
lous external quality systems used in many different countries. 

Recently, we performed a structured review to investigate 
the threshold level of sperm parameters above which AIH 
pregnancy outcome is significantly improved or the cutoff 
values reaching substantial discriminative performance in an 
AIH program [26]. 

According to this review of 20 selected papers, the inseminat- 
ing motile count (IMC, or the number of motile sperm insemi- 
nated) was cited as an important predictive parameter. While in 
8 out of 20 studies, a cutoff value of 1 million was mentioned, 
in 4 studies between 1 and 2 million, in 5 studies the authors 
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calculated a threshold value of 5 million. Secondly, sperm mor- 
phology using strict criteria was cited in 11 out of 15 studies; 4% 
normal forms was reported as the best cutoff value. By using 
these cutoff values of sperm morphology and IMC, a poor sen- 
sitivity for predicting conception is reported. On the other hand, 
these cutoff values showed a high specificity for predicting fail- 
ure to conceive after AIH. The total motile sperm count (TMSC; 
before sperm washing) was also reported to be an important pre- 
dictive parameter in 10 papers with a cutoff value of 5 million in 
5 papers and 10 million in 4 papers [26]. 

In 1997, we reported the results of a study examining the 
predictive value of sperm parameters in an AIH program. We 
concluded that an IMC of 1 million was as a reasonable thresh- 
old, above which AIH can be performed with acceptable preg- 
nancy rates. Overall, sperm morphology and IMC were of no 
prognostic value using receiver operating characteristics (ROC) 
curve analysis. Sperm morphology turned out to be a valuable 
prognostic parameter in predicting AIH success if the IMC was 
less than 1 million. The cumulative live birth rate (CLBR) after 
three cycles was 13.676 if the IMC was less than 1 million, signif- 
icantly different from the group with an IMC > 1 million (22.4%, 
p « 0.05). Considering only patients with IMC « 1 million and 
sperm morphology > 4%, the CLBR was 21.9%, comparable with 
the CLBR of all cycles with a normal semen sample or an IMC 
of more than 1 million [27] (Figures 18.2). In Figure 18.3 the 
algorithm for male subfertility we use in our center since 1998 
is shown. 

According to Lemmens et al. [28] AIH is especially relevant 
for couples with moderate male-factor infertility. They observed a 
positive relationship for <4% of morphologically normal spermato- 
zoa (OR 1.39) and a moderate IMC (5-10 million; odds ratio [OR] 
1.73). Low IMC values showed a negative relation (€1 million; OR 
0.42). In the multivariable model, however, the predictive power 
of these sperm parameters was rather low. These data were based 
on the results of a retrospective, observational study with logistic 
regression analyses of 4,251 AIH cycles in 1,166 couples visiting 
the fertility center for their first AIH episode. 

We obtained comparable results in a prospective cohort study 
in our AIH program in Genk [29]. Multivariate generalized esti- 
mating equations (GEE) analysis of 1,401 AIH cycles revealed 
that the only valuable prognostic covariates included female age, 
male smoking, and infertility status (i.e., primary/secondary 
infertility). IMC showed a significant curvilinear relationship, 
with first an increase and then a decrease in pregnancy rate, with 
the best results for an IMC between 5 and 10 million [29]. 

To examine the cost effectiveness of AIH compared to IVF, 
ICSI Moolenaar et al. [30] made use of a computer-simulated 
cohort of subfertile women. The base-case calculation was cen- 
tered on a 30-year-old woman with a regular menstrual cycle, 
normal fallopian tubes, and a partner with a prewash TMSC 
between O and 10 million. Three different treatment options 
were examined: AIH with and without controlled ovarian stimu- 
lation, IVF, and ICSI. Main outcome was expected live birth; 
secondary outcomes were cost per couple and the incremental 
cost-effectiveness ratio. If only cost per live birth is considered 
for each treatment, above a prewash TMSC of 3 million, AIH 
seemed to be less costly than IVF and ICSI, but below a prewash 
TMSC of 3 million ICSI is less costly and seems to be the best 
first-line treatment. 
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FIGURE 18.2 Cumulative live-birth rate after three inseminations (i.e., 
intrauterine injection) with partner's semen. IMC, inseminating motile 
count; Morph, sperm morphology using strict criteria. (From Ombelet, 
W. et al. Hum. Reprod., 12, 1458-1463, 1997. With permission.) 
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FIGURE 18.3 Algorithm for male subfertility treatment at the Genk 
Institute for Fertility Technology since 1998. (From Ombelet, W. et al. Hum. 
Reprod., 12, 1458-1463, 1997. With permission.) 


Semen Preparation Techniques 


Semen preparation techniques (SPTs) are used in ART programs 
to select sperm cells with intact functional and genetic proper- 
ties, including normal morphology, minimal DNA damage, and 
intact cell membranes with functional binding properties [31]. 
The most commonly used techniques are the density-gradient 
centrifugation (DGC) and swim-up technique. The DGC tech- 
nique uses centrifugation to separate fractions of spermato- 
zoa based upon their motility, size, and density. The mature, 
leukocyte-free spermatozoa are separated from the immature 
immotile sperm and are then centrifuged. However, the process 
of centrifugation itself can provoke leukocytes to generate high 
levels of reactive oxygen species (ROS). By reducing the centrif- 
ugation time rather than the centrifugation force the generation 
of ROS can be minimized, which may help in the retrieval of the 


Male Infertility in Reproductive Medicine 


highest proportion of mature sperm. In the swim-up technique 
highly motile sperm are separated based on their natural ability 
to migrate against gravity. This technique may be inappropriate 
for semen samples that contain a high concentration of ROS pro- 
ducer cells such as leukocytes and immature and damaged sper- 
matozoa [31]. According to a Cochrane Review no significant 
differences in pregnancy rates between these two techniques in 
the setting of AIH could be found [32]. 

On the other hand, Ricci et al. [33] showed that the DGC tech- 
nique resulted in higher recovery rates of total motile, progressive 
motile, and viable sperm than the swim-up technique. Unfortunately, 
no studies have directly assessed the impact of these techniques on 
ROS generation and the relationship to IUI outcomes. 

To conclude, there is insufficient evidence to recommend any 
specific SPT at this moment. In the future new sperm-selection 
methods based on sperm surface charge or nonapoptotic sperm 
selection may become important [34], but more evidence is 
needed before using them routinely. 


Oxidative Stress 


Oxidative stress occurs when there is excessive generation of 
ROS or too low availability of protective enzymatic and non- 
enzymatic antioxidants. On the other hand, ROS, at low levels, 
are essential for facilitating complex cellular redox interactions 
and modifying biological molecules, such as DNA, proteins, 
and lipids in various cellular organelles. Low levels of ROS can 
also enhance the ability of human spermatozoa to bind with 
the zonae pellucida. Low concentrations of hydrogen peroxide 
(H;0,), when incubated with spermatozoa, can stimulate sperm 
capacitation and induce spermatozoa to undergo the acrosome 
reaction [35]. 

High levels of seminal ROS are present in 40% to 80% of 
unselected infertile men, more frequently found in men with var- 
icocele, leukocytospermia, or unexplained infertility. The most 
important sources of ROS are immature sperm and seminal 
leukocytes [35]. Bungum et al. [36] examined the relationship 
between the results of sperm chromatin structure assay (SCSA) 
and the outcome of IVF, ICSI, and AIH. 

A total of 387 AIH cycles were included. Sperm chromatin 
structure assay (SCSA) results were expressed as DNA fragmen- 
tation index (DFI). Clinical pregnancy rate and delivery rate 
were significantly higher in the group with DFI <30% than in 
patients with DFI >30%. In the DFI >30% group, the results of 
ICSI were significantly better than those of IVF. 

According to a systematic review performed by Cho and 
Agarwal [37], current evidence supports the association between 
high sperm DNA fragmentation (SDF) and poor reproductive 
outcomes for natural conception and AIH. 


Controlled Ovarian Hyperstimulation (COH) 


The rationale behind AIH is increasing the number of avail- 
able motile spermatozoa at the site of fertilization. In addition to 
increase the number of spermatozoa, one can also increase the 
number of available oocytes by applying ovarian hyperstimula- 
tion. With the use of hyperstimulation one might also overcome 
subtle cycle disturbances, and increase the accuracy of timing 
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of the insemination. According to the literature there seems to 
be a place for COH in combination with AIH in couples with 
unexplained subfertility, mild male subfertility almost resem- 
bling couples with unexplained subfertility, and couples with 
minimal to mild endometriosis [38,39]. AIH with COS seems to 
be effective in couples with mild male subfertility defined as an 
average total motile sperm count above 10 million and more than 
0.8 million motile sperm after preparation [38]. 

On the other hand, applying hyperstimulation increases the 
probability of achieving multiple pregnancies. Therefore one 
should strive after the occurrence of two follicles (using mild 
stimulation starting with 50—75 IU follicle-stimulating hor- 
mone [FSH] per day) or clomiphene citrate and letrozole are the 
drugs of first choice [13,38] (Figure 18.4). If three or more domi- 
nant follicles are present after cancellation of the cycle, aspi- 
ration of supernumerary follicles, or escape IVF are the only 
realistic options. 


Timing and Number of Inseminations per Cycle 


The currently available evidence suggests that a more flexible 
approach in timing AIH after human chorionic gonadotropin 
(hCG) is possible and the proverb of “rather too soon than too 
late" can be applied here, thus, recommending a time frame in 
which the insemination can be performed from 12 to 36 hours 
after hCG injection [40]. 

It seems that repeating the insemination procedure after 12 
or 24 hours in the same treatment cycle doesn't increase the 
pregnancy rate in couples suffering from unexplained subfertil- 
ity [38-40]. For male subfertility, however, a positive effect of 
double insemination is reported in a meta-analysis, but the evi- 
dence is weak [44]. 

With regard to pregnancy rates there is no significant differ- 
ence between timing AIH with hCG injection or urinary LH 
surge detection [45]. On the other hand, timing with LH surge 
detection in serum revealed a significant higher pregnancy 
rate compared to timing with hCG triggering in natural cycle 
AIH [46]. 
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FIGURE 18.4 To prevent multiple pregnancies the goal of controlled ovar- 
ian hyperstimulation in artificial insemination by husband (AIH) should be 
the development of one or two dominant follicles. 
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HPV Infections and AIH Outcome 


It is well known that human papillomavirus (HPV) infec- 
tions are causing a serious global health burden due to HPV- 
associated cancers. However, HPV is also responsible for a 
substantial part of unexplained subfertility and adverse preg- 
nancy outcome such as early pregnancy loss [47]. In a retro- 
spective analysis of 590 women undergoing AIH in Flanders, 
the HPV prevalence per woman was 11.0%: HPV-positive 
women were 6 times less likely to become pregnant compared 
to HPV-negative women (1.87 vs. 11.3696; p = 0.0041) [48]. 
A meta-analysis of Xiong et al. [49], providing data on 
1,955 participants, suggest that HPV infection of semen is a 
risk factor for male-fertility abnormality with an OR of 3.02 
(95% CI 2.11—4.32; I2 = 6.9%). According to this analysis, it 
is clear that HPV infections of semen represents a risk factor 
for male-fertility abnormality and subsequently can influence 
AIH outcome results. 

In another study, it was shown that the presence of HPV in 
semen impact seminal parameters and sperm DNA quality [50]. 
In this cross-sectional study, demographic, clinical, and labora- 
tory data from 729 infertile men were analyzed. The overall rate 
of HPV positivity was 15.596. Sperm progressive motility was 
significantly lower, while SDF values were significantly higher in 
HPV-positive men. High risk HPV-positive men had a significant 
lower sperm progressive motility and higher SDF values than 
those with a low risk HPV test. 

In a prospective, noninterventional multicenter study of 
732 infertile couples undergoing 1,753 AIH cycles, it was 
recently reported that women inseminated with HPV-positive 
sperm had 4 times less clinical pregnancies compared to 
women who had HPV-negative partners. HPV prevalence in 
sperm was 12.5%/cycle. Detection of HPV-virions in sperm 
was associated with a negative AIH outcome. According to 
these results, it is obvious that HPV screening in semen should 
be part of the routine examination and counseling of infertile 
couples [51]. 


Perinatal Outcome After IUI 


Singleton and twin pregnancies as a result of AIH are signifi- 
cantly disadvantaged compared to naturally conceived chil- 
dren with a higher mortality rate and a higher incidence of 
low birth weight and prematurity [52—54]. On the other hand, 
IVF/ICSI pregnancies undoubtedly have the worse perinatal 
outcome in singleton pregnancies when compared to natural 
cycle pregnancies but also when compared to non-IVF AIH 
pregnancies [55]. Therefore, we have to inform couples under- 
going treatment with AIH about the increased risk of perina- 
tal mortality and morbidity in twins compared to singletons. 
Low-dose protocols of ovarian stimulation and strict monitor- 
ing of the cycles are mandatory for the prevention of multiple 
pregnancies. A close follow-up of AIH pregnancies from the 
beginning is mandatory to detect spontaneous reduction of 
multiple pregnancies, which might be very important for that 
particular pregnancy [56]. A pregnancy following artificial 
insemination has to be treated as a risk pregnancy, this also 
counts for singleton pregnancies. 
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Conclusion 


AIH should be used as a first-line treatment in case of 
unexplained and moderate male subfertility provided 
more than 1 million motile spermatozoa are recovered 
after washing or an average total motile sperm initial 
count above 10 million. 


Duration of infertility and female age are extremely 
important in the decision of whether to start with AIH 
or IVE/ICSI. 


AIH outcome results are also influenced by other 
parameters such as male age, the number of follicles 
obtained after COH, the ovarian stimulation protocol, 
the timing and number of inseminations per cycle, etc. 


The most important risk in AIH programs are multiple 
pregnancies, and we have to avoid them as much as 
possible by using mild stimulation protocols and strict 
ultrasound or biochemical monitoring. 


Future developments include new sperm-selection 
methods based on sperm surface charge or nonapop- 
totic sperm selection and research on the effect of HPV 
infections on reproductive outcome. 
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Intracytoplasmic Sperm Injection 


Emad Fakhry, Medhat Amer, and Botros Rizk 


Introduction 


The majority of infertile males with poor sperm kinetics would 
not benefit from in vitro fertilization (IVF) and may have to 
consider using donor sperm or adoption. The advent of intracy- 
toplasmic sperm injection (ICSI) has provided men with severe 
male-factor infertility the opportunity to be biological fathers [1]. 

The use of ICSI in cases of unexplained infertility, mul- 
tiple IVF cycle failures, and low oocyte number is increasing 
worldwide [2]. 


ICSI Indications 


The main indication is severely impaired sperm parameters, 
severe oligozoospermia (less than 5 million motile sperm/mL), 
severe asthenozoospermia (less than 5% progressive motility), 
and severe teratozoospermia (less than 4% normal morphology 
according to strict Kruger criteria) [3]. ICSI has enabled clini- 
cians to reach the same fertilization rates reached with IVF in 
cases without severe male factor parameters [4]. 

ICST is the first choice for azoospermic males, either obstruc- 
tive or nonobstructive [5,6], who need surgical-sperm retrieval. 
ICSI is commonly performed when using cryopreserved sperm 
samples, as cryopreservation may negatively affect all semen 
parameters [7]. ICSI has better fertilization rates in cases with 
high sperm antibody titers. It is also indicated for those couples 
with repeated fertilization failure with standard IVF [8]. ICSI 
may also be more suitable than IVF for cases with increased 
sperm DNA fragmentation (SDF) as the oocytes are not exposed 
to reactive oxygen species (ROS) releasing sperm [9]. 

Also, in cases indicated for in vitro maturation (IVM) and 
cryopreserved-thawed oocytes, ICSI is preferred due to the 
hard zona pellucida, which makes sperm penetration very dif- 
ficult [10]. It is also used for patients undergoing preimplantation 
genetic testing (PGT) for single-gene defects or for screening for 
euploid embryos. The sperm attachment to the zona pellucida 
in routine IVF can interfere with the polymerase chain reaction 
(PCR) analysis [11]. Lastly, it is indicated for other conditions 
such as fertilization of poor-quality or dysmorphic oocytes [12]. 
ICSI use in cases with few retrieved oocytes to maximize fertil- 
ization rates is controversial [13]. 

ICSI is technically challenging and should be practiced in a 
well-controlled laboratory environment. Some authors report 
that ICSI should not be used for oocyte reinsemination after 


conventional IVF (rescue ICSI) [14]. Embryos generated from 
rescue ICSI showed more rates of polyploidy and early develop- 
mental arrest [15], but other investigators report that reinsemi- 
nation of the unfertilized oocytes by ICSI within a few hours 
after the initial insemination has the same clinical outcome when 
compared with conventional IVF and ICSI. The early rescue 
ICSI group did not show any higher rate of malformations when 
compared with the IVF group [16]. 


Preparation for the ICSI Cycle 


According to the protocol selected, a gonadotrophin-releasing 
hormone (GnRH) antagonist or a GnRH agonist is prescribed to 
allow complete control over ovulation once the treatment cycle 
begins. The ovarian stimulation cycle is composed of repeated 
injections of purified recombinant follicle-stimulating hormone 
(FSH) or human menopausal gonadotrophin (HMG) with fre- 
quent folliculometry, estradiol monitoring, and triggering the last 
stage of oocyte maturation with human chorionic gonadotropin 
(hCG). Timing is vital: the hCG injection can be given when 
>4 follicles have reached 18—20 mm in size and estradiol levels 
are at least 2,000 pg/mL [17,18]. 


a xo oooO 


Gamete Preparation 


1. Oocyte retrieval: Approximately 34-36 hours after hCG 
injection, egg retrieval occurs. A transvaginal ultrasound 
is used, typically under light sedation, to guide a needle 
through the vagina and to the level of the ovaries. The fol- 
licles are then aspirated to retrieve the cumulus masses, 
which are transferred to the IVF laboratory for verifica- 
tion followed by frequent washing from blood [19]. 

2. Sperm preparation: Rich ejaculate samples are pre- 
pared using gradient centrifugation; poor samples are 
washed in sperm-washing medium only. Conical tubes 
are used. A second or third ejaculate is needed if no 
sperms are seen. Addition of pentoxifylline for cases 
showing no motility is advised [20,21]. 


For testicular samples, testicular tissue pieces in a 60-mm 
Petri dish are minced with a couple of sterile mosquito forceps. 
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5. Gamete positioning: The oocyte is firmly held by the 
holding pipette with its polar body oriented at the 


Testicular samples are processed using erythrocyte lysing buffer 
or enzymatic digestion 25 ug/mL DNAse and 1000 IU/mL of 


collagenase type IV [22,23]. 


The ICSI Procedure 


1. Equipment: The ICSI maneuver would necessitate the 


usual devices and labware needed for the IVF labo- 
ratory: laminar flow cabinets, triple gas incubators, 
embryo tested plastic wares including the culture 
dishes, stereomicroscopes, automatic pipettes, and 
centrifuges. An inverted microscope with Hoffman 
optics (20x and 40x objectives) with a custom- 
designed glass heated stage is utilized. Attached to 
this microscope is a micromanipulation system that 
includes two hydraulic movement joysticks. Then 
two micro-injectors with metal needle holders (that 
would be fixed in the special place in the microma- 
nipulation system) are used. One of them is air-filled 
for oocyte holding and the other is oil-based for 
sperm manipulations. Microtools include injection 
and holding pipettes (25—30? bend) [24]. 


. Tool Settings: The injection and holding micropi- 


pettes are fixed into their needle holders and fixed on 
an inverted microscope. To facilitate control of their 
movement, the bent parts of those needles have to be 
slightly above the parallel level [24]. 


. Preparation of the ICSI dish: Hyaluronidase is used to 


remove the cumulus cells for better visualization of the 
oocytes during the ICSI procedure. Four drops contain- 
ing 2 uL of injection medium (HEPES or MOPS buff- 
ered) are placed in the injection dish with larger drops 
at the periphery for oocyte washing after injection. 
A polyvinylpyrrolidone (PVP) line is placed parallel 
to the injection drops. Then those drops are overlaid 
with culture oil to avoid their evaporation. The drops 
are sequentially numbered. Just before sperm injection, 
1-uL sperm suspension is pipetted into the PVP line 
to facilitate further sperm manipulation. Metaphase II 
oocytes should be arranged in the injection dish, one in 
each drop [25]. 


. Sperm immobilization: A motile, morphologically 


“normal or close to normal" sperm is selected for injec- 
tion. The injecting needle tip is positioned at 90? to the 
sperm, then lowered to press the principal piece of the tail 
over the bottom of the injection dish to disrupt its plasma 
membrane. The sperm is then aspirated starting with 
its tail. A more aggressive maneuver—the triple touch 
immobilization—was tried by crushing the sperm tail as 
usual, but two times and also crushing the midpiece as a 
third step. This maneuver proved to be nonbeneficial [26]. 
Alternatively, sperm immobilization can be done by two 
pulses of noncontact 1.48 um wavelength diode light 
amplification by stimulated emission of radiation (LASER) 
at the middle and the end of the sperm tail. This technique 
proved to be more precise, easier, and avoids direct contact 
with the sperm [27]. 


12 o'clock position to avoid passing through the mei- 
otic spindle (close to its first polar body) during ICSI. 
Otherwise, the spindle position during ICSI can be 
directly monitored by the Polscope. A normal birefrin- 
gent meiotic spindle apparatus would predict better 
development of the derived embryos [28]. 


. Sperm injection: The injection pipette with the immo- 


bilized sperm at its tip is focused with the oolemma at 

3 o'clock. Then it should be introduced through the zona 

pellucida (ZP) and the oolemma with some ooplasm 

aspiration until an oolemma break is seen with a sud- 
den movement of its convexities around the injection 
point, accompanied by flow of the ooplasm back into 
the pipette. Oocytes with a fragile oolemma undergo 
sudden breakage, which is demonstrated by a lack of 
resistance upon needle entry and considered to be an 
indicator of degeneration. The sperm is then injected 
with the aspirated ooplasmic portion. The margins of 
the injection point usually show a funnel shape or else 

the oocyte may lyse [29,30]. 

a. Embryo culture: After oocyte injection, the oocytes 
are cultured in embryo culture media (single step 
or sequential culture). The single-step media was 
developed for zygote development to the blastocyst 
stage. Prior to compaction, human embryos require 
pyruvate and nonessential amino acids for nutrition. 
They subsequently use essential amino acids and glu- 
cose. Several factors affect the embryo culture system 
including pH, gas concentration in the incubator (CO, 
and O,), temperature, frequency of opening the incu- 
bator, culture media droplet size, protein supplement, 
single or group culture, and the presence of ROS [31]. 

Prolonged culture until the blastocyst stage 
would allow better embryo selection at embryo 
transfer thereby decreasing the risk of multiple 
gestations and improving the live-birth rates. 
Several prognostic factors should be considered 
to choose the cases suitable for blastocyst culture, 
including good ovarian reserve, young age, and the 
development of >6 high-quality embryos on day 
3. The risks of this protocol include fewer surplus 
embryos for freezing and embryo arrest with fail- 
ure to perform any embryo transfer. Recent publi- 
cations show conflicting conclusions regarding the 
value of extended culture [32,33]. 

b. Embryo transfer (ET): It is recommended to 
transfer the embryos into the best location in the 
uterine cavity (1.5-2 cm from the fundus) with- 
out causing any contractions. The choice of ET 
catheter, mock transfer, ultrasound guidance, and 
hyaluronan-containing medium may alter the suc- 
cess rate of this maneuver. Soft catheters are better 
when compared to firm catheters, but for cases with 
a stenotic cervical os, firm catheters may facilitate 
the maneuver. However, firm catheters may cause 
trauma, uterine contractions, and bleeding [34,35]. 
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c. Luteal support: During IVF, the administration of 
GnRH agonists and antagonists for downregulation 
may disrupt the luteal phase and lower progester- 
one secretion; with decreased implantation poten- 
tial. Supplementation with exogenous progesterone 
is usually used for stimulated IVF cycles [36]. 


Additional Laboratory Procedures 


1. Oocyte activation: After ICSI, several sperm factors 
can cause calcium oscillations in the oocyte cytoplasm 
and subsequent oocyte activation. When there is a spe- 
cific indication, such as previous fertilization failure 
or globozoospermia, then artificial oocyte activation 
(AOA) is beneficial [37]. AOA procedures are com- 
monly divided into three categories: mechanical by vig- 
orous cytoplasmic aspiration during sperm injection, 
electrical, and chemical stimulation by calcium iono- 
phore or ionomycin. There are no studies in humans to 
define the best method, although in pigs, the chemical 
stimulation was better than the electrical one in terms 
of blastulation [38]. In addition to fertilization failure, 
developmental incompetence of embryos is suggested 
to be an additional indication for ionophore treatment, 
but this suggestion needs further confirmation [39]. 

2. Assisted hatching (AH): Multiple techniques have been 
developed for AH aiming at improving implantation 
by drilling a breach in the ZP. These include chemi- 
cal thinning of the ZP with Tyrode's acid, partial zona 
drilling (PZD), Piezo manipulators (a vibratory motion 
of a needle produced by a piezoelectric pulse), and 
LASER (Figure 19.1). AH is usually indicated in those 
cases with old age, low ovarian reserve, high FSH, 


FIGURE 19.1 LASER-assisted hatching of a cleavage stage embryo. 
(Courtesy of Dr. Ihab Fekry and the IVF Laboratory Team in Adam 
International Hospital, Egypt.) 
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thickened ZP, zona hardening after cryopreservation 
or IVM, and repeated implantation failures (RIF). 
The potential complications of AH include damage to 
the blastomere and increasing the incidence of monozy- 
gotic twinning [40]. 


. Specialized sperm-selection methods: Zech selec- 


tor [41] depends on selecting progressive motile sperm 
as both nuclear and mitochondrial DNA can be dam- 
aged by strand breaks, so the spermatozoa swimming 
so far have significantly reduced rates of DNA fragmen- 
tation. Microfluidic separation [42] is based on a sperm- 
sorting method with a parallel laminar flow stream to 
separate motile sperm of good quality. Electrophoretic 
isolation [43] selection of negatively charged sperm 
(less DNA damage) helps isolate sperm, which are rela- 
tively free of DNA damage, and can be used for ART 
based on membrane charge. The Zeta method [44] 
depends on the sperm surface charge. Mature sperm 
possess an electrical charge of —16 to 220 mV. The elec- 
trical charge has been termed ZETA potential (electro 
kinetic potential) which is the electric potential in the 
slip plane between the sperm membrane and its sur- 
roundings. This method is very simple and entails just 
holding the sample tube within the gloved hand and 
turning it three rounds to get the needed charges. With 
magnetic activated cell sorting (MACS) [45] apoptotic 
and DNA fragmented sperm have affinity for and so are 
labeled by annexin V (apoptotic sperm marker) conju- 
gated magnetic spheres. A weak magnetic field sepa- 
rates out those from normal sperm. 

Physiological ICSI (PICSI): PICSI entails sperm 
selection by hyaluronic acid binding. Hyaluronic acid 
surrounds the zona pellucida as part of the cumulus 
matrix and a close correlation is present between bind- 
ing scores to either hyaluronic acid or hemizona and 
so sperms bound by hyaluronic acid are mature, have 
no cytoplasmic residue, undergo histone-protamine- 
exchange in the nucleus, show no DNA degradation, or 
acrosomal reaction, have normal morphology, and have 
low frequency of chromosomal aneuploidies [46]. 

The intracytoplasmic morphologically selected 
sperm injection (IMSI) Sperm with large amounts 
of DNA damage can fertilize the oocyte and generate 
embryos but with poorer embryo development, and 
defective implantation rates. High magnification may 
improve sperm selection without damaging it [47]. 
High magnification can also exclude immature sper- 
matozoa with expanded chromatin [48]. Oocyte micro- 
injection of individually selected sperm (IMSI) with a 
strictly defined morphologically normal nuclear shape 
and organelle content (e.g., acrosome) resulted in bet- 
ter pregnancy rates compared to the conventional ICSI. 
IMSI is done with an inverted microscope with high- 
power optics and digital imaging that allows the mag- 
nification of sperm up to 6,000 times, compared to the 
traditional 400 times with ICSI [49]. 


4. Noninvasive methods of embryo selection: There is a 


correlation between analysis of spent culture media 
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FIGURE 19.2 Different embryo stages as monitored by the time-lapse technique: (a) 6 hours after ICSI; (b) day 2; (c) day 5. ICSI, intracytoplasmic sperm 


and the developmental potential of the embryos and 
the clinical outcome. Metabolomic analysis with the 
use of spectrophotometric assays can detect cellular 
metabolites and allow quantitative analysis of messen- 
ger RNA in the surrounding environment [50,51]. 
Continuous imaging of embryos was used as a pre- 
dictor of embryo development. The visualization of 
embryonic development originally was done for a few 
times over the whole period of embryo culture due to 
the harmful effects of embryo exposure to lower tem- 
perature and altered pH conditions outside the incu- 
bator [52]. The development of specialized culture 
systems that allows time-lapse photography without 
the need to remove the embryos from the incubator has 
allowed the frequent uninterrupted monitoring of the 
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embryos and several morphokinetic algorithms were 
designed to choose the embryos with better implanta- 
tion potential (Figure 19.2). 

In 2016, Petersen et al. [53] criticized the previ- 
ous morphokinetic algorithms that were developed 
for embryo selection by a metanalysis study and pre- 
sented a new scoring system (KIDscore) that depends 
on two equations and two timings. The higher the score 
assigned by KIDscore, the more frequently the embryos 
reached the blastocyst stage on day 5 and the quality of 
the blastocysts was better. 


. PGT: Originally, aneuploidy screening by PGT was 
done by cleavage stage embryo biopsy and chromo- 
some analysis using fluorescence in situ hybridiza- 
tion (FISH); but this technique has stopped as not all 
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chromosomes are analyzed and more importantly the 
incidence of mosaicism was found to be more frequent 
in day-3 embryo blastomeres. Currently IVF special- 
ists conduct day-5 trophectoderm biopsy on blastocysts 
with more precise molecular diagnostic technologies 
including microarray technologies or next-generation 
sequencing (NGS) [54]. The diode LASER is used to 
get a small opening in the ZP and about three troph- 
ectoderm cells are aspirated with moderate suction for 
each blastocyst (Figure 19.3). The Microarray-based 
comparative genomic hybridization (aCGH) technique 
cannot be used to test balanced translocations (recip- 
rocal or Robertsonian translocations, inversions, and 
insertions), and some unbalanced translocations such 
as point mutations, trinucleotide expansions, small 
deletions, and duplications because they are beyond the 
resolutions of the method while NGS can. The same 
concerns about embryo mosaicism, self-correction, and 
restriction of the abnormal cells in the trophectoderm 
are still present even after the use of the recent molecu- 
lar diagnostic technologies [55]. 

6. Autologous endometrial coculture: Developed to 
improve embryo developmental potential by the use of 
endometrial cells in vitro for coculture. In a previous 
cycle, an endometrial biopsy is taken 5-12 days post- 
ovulation to be followed by isolation and cryopreserva- 
tion of stromal and glandular cells. Thawing is done on 
the day of hCG injection and the resultant zygotes are 
cultured on a layer of those cells. Cytokines such as 
Granulocyte - macrophage colony - stimulating factor 
(GM-CSF) from the endometrium cells are the main 
factors of success. RIF cases are candidates for it [56]. 


7. Endometrial maneuvers at embryo transfer: Local 
endometrial injury in the luteal phase of the cycle before 
ovarian stimulation is practiced to improve implanta- 
tion in cases with unexplained RIF. It was postulated 
that mechanical endometrial manipulation can enhance 
receptivity by modulating gene expression of some 


FIGURE 19.3 Trophectoderm biopsy. (Courtesy of Dr. Ihab Fekry and the 
IVF Laboratory Team in Adam International Hospital, Egypt.) 
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implantation factors (e.g., glycodelin A). This endome- 
trial injury can be done by a biopsy or hysteroscopy, 
and it is postulated that endometrial biopsy is more 
effective than hysteroscopy [57]. Some investigators 
reported a lack of benefit from endometrial scratch- 
ing, and a subgroup analysis even proved a detrimental 
effect in cases with RIF [58]. 

Using an intrauterine microdialysis system to intro- 
duce low concentrations of hCG to the endometrium 
in the luteal phase (some proposed immediately after 
oocyte retrieval), showed better implantation rates. It acts 
in an autocrine-juxtracrine manner. Vascular endothelial 
growth factors were increased by hCG, confirming its 
role in angiogenesis, vascularization, and placentation of 
the endometrium. The benefit of the microdialysis sys- 
tem was debated by other investigators [59]. 


8. Sample witnessing: In an IVF center, a biological sample 
misidentification could actually be a catastrophe for the 
patients, the clinic, and the clinic staff. Errors are more 
likely with procedures that are pre-analytical (e.g., patient 
identification, communication between the clinical and 
laboratory components of a unit) and post-analytical (e.g., 
recording and reporting of findings) [60]. Witnessing 
systems must be the rule but the manual witnessing sys- 
tem had the following drawbacks: conscious automatic- 
ity, involuntary automaticity, ambiguous accountability, 
stress, and intentional blindness. So the electronic witness 
systems were developed with a bar code reader that may 
use light rays or electromagnetic waves [61]. 

9. Laboratory quality measures: Air quality, light, and 
temperature in the IVF laboratory can affect embryo 
development. Air quality, for example, is important 
as volatile organic compounds (VOCs) and particu- 
late materials are detrimental for the embryo. Highly 
filtered air flushed through high-efficiency particle air 
(HEPA) filters under positive pressure can significantly 
minimize those harmful factors [62,63]. 


Complications 


In order of severity, complications of ICSI include ovarian hyper- 
stimulation syndrome (OHSS), ectopic pregnancy, multiple ges- 
tations pregnancy, perinatal complications, drug side effects, and 
complications of the operative procedure. 

OHSS is an iatrogenic complication caused by the effect 
of hCG on the growing ovarian follicles with movement of 
protein-rich fluid (transudation) to the extravascular compart- 
ment. This would result in electrolyte imbalance, hemocon- 
centration, pleural or pericardial effusion, hepatic and renal 
dysfunctions, and even death. OHSS incidence is estimated to 
be 0.4%-10% [64]. 

Multiple gestations pregnancy as a side effect of ART causes 
maternal and fetal risks. The American Society of Reproductive 
Medicine (ASRM) and Society for Assisted Reproductive 
Technologies (SART) have guidelines to determine the ade- 
quate number of transferred embryos to limit this complication. 
For example, they recommended the transfer of no more than 
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two embryos (either cleavage stage embryo or blastocyst) to 
young females (aged less than 35 years) [65]. Ectopic pregnancy 
may be seen more frequently with ART [66]. 

Pregnancies following IVF showed higher incidence of com- 
plications, such as gestational diabetes or pre-eclampsia [67]. 
It is also reported that infertile women, even if not having ART 
treatment, are more prone for risks of adverse obstetrical and 
perinatal outcomes. After adjusting for age and parity, subfer- 
tile women had more incidence of pre-eclampsia and placenta 
previa [68]. 

Torsion of a hyperstimulated ovary is a rare complication with 
an incidence of 0.08%-0.13% [69]. Complications related to the 
oocyte retrieval procedure include bleeding, ovarian abscess, 
uretero-vaginal fistula, and endometrioma puncture [70]. 


Perinatal Outcome of ART 


Safety studies regarding IVF/ICSI outcome versus IVF alone in 
the perinatal period and the medical and psychological develop- 
ment of those children have been carried out repeatedly since 
the early years of ICSI. The investigators documented that 
ICSI pregnancies were similar to IVF and other ART methods, 
even when considering epididymal or testicular sperm [71,72]. 
Previous follow-up studies were reassuring, noting children born 
after ICSI or IVF had the same cognitive, motor, and language 
development as those born after unassisted conception [73,74]. 
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